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PoXfmezB Bwe known to be g&ml eiectret foiming 
aeteiriaie* Poliwer flla eteetiteti have eeveral appticationa 
in aodUiiti eolid atate ctevieei* Though vast literatyre on 
electret foming charaoteriaties of poiyiiieka has pouted in 

tecent yeata* yet the neohaniima teaponaibie fot ehatge 

~fAy 

itorage in poiyueta atey^fton being cleat* Folyvinyl acetate 
(PVAt) ia a polar polynet and emparatimly leaa attention 
hia been paid to imdetatand ita charge ctorage capability* 

It haa been ahcwn that electret forming characteriatica of 

pelymers can be greatly iiproved by doping than with •yitad»la 

** 

impyritiea* Kith this ;|ewi PVAc matrix haa bean dc^ed with 
iodine* l^e theeia raporta on electrical conduction* thermally 
atimtilated discharge cyrrent* photo^polarixation current 
end dielectric pr^ertiea of pure and iodlno doped PVAc films* 
Hie theeia has been divided into eight different 
chapter a* Chapter 1 introduce • the problem end reviewe briefly 
the previouc work e* It alao dealt with the choice of ttie 
polymer and the dopant* Eiporimental dataila are given in 
chipter II empheeieing /varioue techniciuea of film prih^aratioiif 
mathod of doping the polymer and tha electrode aaeemblice 
ueed* Chapter III reporte tranalent behaviour of current* 
electrode material end thickneae dapendancea of current^veltage 
characteriatica of PVAc and current»voltagc*tcmpcratiirt cliarcc* 
tcrintica of pure and iodine doped lilac* thaiaaliy cttaulated 



dii€h«f» current# in PVAc f iiai « function of field* 

tMperiiture* filet thicknees* electrode materiel* heating 
rate and iodine concentration are reported in chapter IV, 
Chapter V diacutses photodtpoltriiation currenta releaeed 
from pure and iodine doped fVAe photoelectrete by varying 
the field* time* polarity and electrode material. Dielectric 
prepertiea of pure and iodine doped PVAc fllma in audio- 
frequency range are detcribed in ehipter VI, Chapter VIX 
correiatea the reauita of different atudiea mhile chapter 
VIIX preaenta the ammary with concluding remark. 
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lOTHQDUCTlOM 

1*1. Dtfinition t^@t of oloetrot ; 

: Mi oloetret is undsifstoiici as a bociy cempossd of 

a <lioi«et3rle» which ptasainrts its poiaxiaation for a iong I 

tiJM after the external electric field that has produced this yi; 
polarisation is reaovecl» and which sets up an electrostatic 
field in the surrounding ipaee« 

The word 'electret* is fomed t»y analogy with the 
word *iiagnet*« An eiectret eetililialMie an electric field for 
a long time in the aaise way as a pemanent magnet sets vp s 
continucais magnetic field* The existence of electrets was ' 

surmised by the Hustian academician F* Epinua wnd later hy the : 
English physicist 0« Heaviside^ who introduced in 1896 the . . 

texm *tlecti^t* and studied some theoretical problems related | 
to electrets* But it was only in 1981 that the Japiutese | 

researcher M* Eguchl^*^ actually received and investigated the j 
electreta* After this» ^e electrets have become the abject of I 
luawireus eiperimefitel and theoretical etudiee and found an 
increaeingly wider practical wlidction* Figure i*l iliustretee 
the inetelietioR deeigned by Eguchi in which the firet electrete ’ 
have been ebtalned* A round metal bath A with an inlet B 
pieced on ineitletore f end eupport 0 ie adjusted etrictly 
herisontelif with the aid of scxewe i« The bath ie filled with 
a moltea dieiecttic Ca mixluxe of wax and sfeaiii^ idter which 
elactradt C auipeiidad ftom a thread with iwuhtet weight <l la 1; 








J.@t ilQwn until it touehns the surfac# of th« dioloottiOf «n<l 
a ili]rtet«»€wrarefit voltago it i^plioil Otltroen oltciirodet A and j.:: 
C« This ¥oitag« it i&aintaintd until tht molttn dioltetrie i'V 

cools d«iwfi and solidifies in tn® electric field* such a di^ 
electric Oecones an eleetret» the opposite surfaces of the t 

disk have unlike charges which can persist for years 9 e^pecia* 
lly if the electret Is shorted* (Simiiar to a magnet with the 
poies short-circuited through a ferromagnet)* If the outer 
layers of the dielectric are cut off the cherge of the electret 1 
will net he chsnged* while two electreta are ohtsined sdten the 
original electret is cut slong the neutral plane (in the sane : 

way as when a nagnet is cut in two parts)* If an electret is 
nolatened or intensely irradiated hy )&>rays most of the charge ! 
is lestt hut after drying or cessation of irradiation the & 

Charge ia restored* A co^letely isolten electret will he fully : 

I ... 

discharged* : 

. .. ■ 

It has keen found liter that when a heated : 

dielectric is cooled in an alectric fieldf electreta (so called | 
theanoelectreti) can he ohtained from varteua dieiectrlcc « ; 

hath organic CpolyncthylsMthacrylatet polytetrafliiwroethylciw* | 

po|.yethylciitttrcphthalatei OhonltCf cercdn* naphthai^iif hee ^ 

wax ate*) and inorganic § as has keen dswonstrated for the first 
tins ky Ouldiiii and ftanavi^ (titMiates of vicious netals «*• 
kariiiif mpMsitnii xinct calciiiist ctc«9 steatits* anlpliiit and 
ottieta)* Ika intanalty of polarising alactric field iiipsetiikly I 

•ftecta tlM propertlea of an aleetratt wImmi the eleatrid field I' 





CHARCE OeNSirV OF AN ELECrRET MADE OF CARNAUBA IWX 
VERSUS TIME ELAPSED AFTER POLARIZATION OP THE ELECTRET 
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is siaaii Cw*o*i»at*ly wpto IQ kV esT^) ths ototainsci 
•iactrst potsassst charges opposite to the polarity of the 
polariring voitage (fig 1*2# on the left}* If the electric 
field it greater than 10 kV ca*^ the elec tret receive* chargee 
of the saeie sign *• the electrodes with nfhich the swrfacea of 
the electret were in contact during polarisation (fig l*2« on 
the right). The chargea of the firet type are known ae hetero* 
chargea and of the aecMid type aa hoiaocharges®* TNi et^iilty 
of these type* of chargea can be different** An eaaaple ia 
iiiuatrated in fig i*3 which ahowa that in thia caae after a 
coaparatively ripid drop of thm heterocharget a honocharge ia 
•et up which ia retSuced rather alowly* 

If en eiectret ia properly aianufectured the charges 
produced on ita eidet may have e aurfece density upto iO^^c/cm • 
This density of charges corresponds to the intensity of the 
field near ths surf act of ^e electret upto 10 kV c»***^t which 
spproeches the megnitude of the electric strength of tho eir« 

An electret obteined in mi atmosphere of ificreeeed pressure 
8My have a surface dtonaity of chargoa upto 9 x id*^ c/cm^* 

'The sMthod of manufacture of eiectreta (thormow 
eiectrets) dsacribed ^ve end employed under an ititrtaaed 
tesperature ia net the only one* in 1937# Nadlakov^ of Bulfaria 
deviaed a new type of elactretwpliotoalectttt* Such alettietc 
are mida of photocoiuliactive Ci«a* aeguiring a alatlrical 

condhictivity witli UlumiiiatioA} dialattric (aulplwiri Mtliffactiia 
ate*}* To miriit a photoaloctyotf a dialattric platad into a 


strong oXoctric fioXd is iiliss^lnatod aftor whieU tho floiil it 
tidctn off* Photoeitetrots postott a ehargo iutuaily a hotoro* 
ehargt) whieh can b« prttorvad for a long tin# if ttio photo- 
olaetrot is Icopt in darkitost (whan aiposod to light* tha eharga 
diamcipaara) • 

Else troalae trot i ira obtainad tindar tha aation of 
an alactric fiald without hasting a dialactric* radioaloetrata 
ara prodycad by radlo«>activa radiation amt naohanoalactrata* 
by a laaehanieai affaot* i«a*t dafonRstion or frietion of a 
dialaotrie* Thara ara othar data (not fully eonfimad aa yat) 
about othar typos of alaotrats^* Undar an ionising irradiation* 
r-raya for asitaplai aasia dialaetriea baaoiia ptaudo alactrata 
obtainad without tha applieation of voltaga* Magnato»alaotrata* 
first diseoaartd by C* Ehatnagar of India# forsi srhan a haatad 
natal {polynathyliMithaerylata# for asmplas) is Mitad ig»on by 
a strong pamanant nagnatie fiald srith a ^aaquant tooling 
also in a nagnotia fiaid* 

i*a Application of oloctrot 

Mmy preposais hava boon nada for tho usa of 
alactrats in alactroatatic naasuring Instrusants# alactrostotic 
yoltaga ganarators^^# piatoaiactric davicas# air flltara# 
radiatioii doianatart# ai^trophotography# psoathotia dofitaa# 

f imisf il illiT osoiliicad tnr tiba Sony Corooratiafi in Jaoan* Baaia 
raia igah and ilMoiiHMMMit unmkIi haa aiao boon dona at cf ti 



ClRCi 






Biteateli Lilioiratfiriti in USA snd ^lorthem Ei«ctrie» Cannda 
and aisewhara* u 

Ttio i»«if93rmane» of the eleetret microphone at a 
high fidelity Inttrwmeint it as good or better than that of the 
condenser microphone* It does not need the e^arate batteiy of : 
about 140 V necessary to energise the latter* The imaii diiiien«> 
sions of the microphont cartridge and use of integrated 
circuitry facilitate miniaturisation of the eipipment* The low 
internal and mtchanicai noise level enahies the microphone to - 
be incorporated in the chassis of tspe«*reeorders« 

An eleetret microphone is shown schMiisticaiiy in 
fig 1*4* The sound-sensitive element it an externally sMutallised 
and groundad plastic eleetret membrane about 0*01 m thick* The 
oacillationa of the electric field paralleling the vibrations 
of tha manbrana in<hace signal a on the- back«iSlate which are 
aisplified* The sane syatasif operating in the rtverae senee* 
functione ea a imtdapeakar* figura 1*S ahows a block diagram* 

Attempts have been made to uae electrified polymers 
as blood«»coiBpatible materials in prosthetic , dtvicoc* Tlio blood | 
compofiente which are likely to cauee clotting in contact with 
the plastic tt;^ing uatd to replace arteriaCp in particular tho ! 
plataleta# arc negatively charged* For plateleta i^argo denal* | 
tloa of about b s 10^^ aloctsonic charfoa/cm^ have boon raportoit*| 
•tellat valuoa c«i bo obtained wi^ oloctreta* A nogativo 
•utfaco chargo of the inmnr amlla of tbo tid^c wbicli are uaad 
ac inawrta and art In contact with the blood flow cbould 


pvmnt 9ft at laaat jradyea platelet df^oaltton and thus help 
to prevent clotting* 

1*3 ttieoriee of thenoelectret 

Varieys tiitoritf have been put forward to axplaln 
the foaation and Itehaviour of tlectrete* Since the thesme* 
electreti mm dieeovered earliert isore literature it availid>le 
on thra at compared to other a* All the theoriea were framed to 
OMplain three Important facts concerning the themoelectret* 

CD The mechsnlsn of electret formation which givea 

rite to parsistent internai poiariaation* 

(ii) Longer life ti^ of elec tret •• 

(iii) Phenomenon of charge reveraal* 

the iaportent contrihiitioiia are ihie to Adams**# 
Qemant^^# ttiieeeen# hiidtel and Herrman^^t Swann^^f Baldma^^t 
Gorton mnd Mirhangh^^f hiaammn and Feaeter^*^# Handereh mwl 
Piech^^* Perlman and lleimiier^ explained cfomfititetivelif the 
thatge decay of imahieided dielectric of finite reeiativity 
and concluded .that the Intemai field ie the main decay agmnt 
oovemino IhiIIi noiarisaticn orowth msd real amrf ace charoe 
decay idiieh tooctlier mtccwit for the decay of net amrf ace 
charoe* there ie no net local charoo witliin the voIibm of the 
dialactric* tha real imrf ace charce dacava only hv ohmic 

■ fpim- TPjF c^mB 'tpp tPP' ■ P® .w^.^mP' fMR' ■ W mBRBPa P|||B ^PP jjg ^IP^P^^ypPSf JBf ■ .BPIP' Jjje , ’PpPWv'tPRPPP'PRPP'^PP 

ccndiictlafi thceugh the voiiiiia of tha dialactric* 

Gfoca^ prepoitd that tha hatarochaffe ia fatmad 



h9t9m€haat9» int 0 hoMcharg#* Hit invtttigationt «hoi»«d that , i;' 

tha turfaca eharga of tha thasemtaiaeiiiit it in goninral aciuai 
to tha dif fairanca hatwaan tha intrinaie hatairocha]^ and 
intfinaia homoeharga* Tha chai^ga x^mxml fmm hataro to homo 
it dua to a moira vapid dacay of tha intrinaie hatarocharga 
eompavad with tha dacay of tha intrinaie homoeharfa* 'M iow ! 

tamparaturt whan tha intrinaie homoeharga variaa aiowiy with ! 

tima» tha eonvaraion of charge may not ha ohaaryad* 

I 

Baeantiy Grosa^ dacerihad the poiarisation picture I 
of Ml eiaetrat after attidying tha voima diatrihutioii of charge 
hy a modified aactioning tachniiiiia* Ha aiiggaatad that tha | 

eantrai htiik portion of tha auhatanea ia aaparatad from the i 
aorfaca near tha aiactroda hy a thin layer of a difforont 
dioioctrie constant* Tha hatarochai^ which raaidoa In tha 
central taction ic aaaociatod with a poraiatont yoiumo poiarl^ 
cation Mid ipaca charga potarication* Tha hcnocharga ia 
proi^ad diM to ainff:ac# conduction or hra^down of diaiactrie* 
aiactroda intarfaco* If the contact ia hiockiiigt hoiiochavgt 
will dacay hy condiictioii throt^ hmik tti tha diaiactric mmI if 
tht contact ic goodf the IwMochargc will ficar hy candiMitiaii 
thvaiiili ditiC€ttia»aiactrodi intcrfaco* 
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1*4 Th«orliit of photoflfctret 

I*li9fiomifiologieal. thoorlos of photool-oelapoi hw* 

feoon propoioii bf Kolieiann and Coworkara^^^®# FricHtln and 

atlodav^®^# Chatkarov®® and Mirovioh^* tha cofielwaioiit of 

thaaa thaoriaa af»aa qualitativaiy iwith a^a of tha aiQia^i* 

mantal obaarvationa, although tha approach towarda tha raachaitiaoi 

of polariiatlon la diffarant* Tartakov^ll and Rakhalova®® and 

Kalahukhov and Flahalav^ prop© tad that illimination prodticaa 

tranaltlona of aiaetsons ftm tha valanca hand to tha arndite* 

tion hand» whara thay laova undar tha influanca of appllad 

aiactrle fiald* Tha alaetrona than laaira tha cenduetion hand 

and art tri^ad at loealiaad lavtla lying halow tha hotton of 

as 

tha eonchietion hand* Fraaaang Kallaaim and Sllyar auggaatad 
that an aiactrle polarisation it dut to an Inhonoganaoua charge 
diatrihution brought liiout by an axtamal fiald actii^ on froo 
charga carriart* Intarnal polarisation offocta aro doacriliod 
in tor»a of tha *frotan in* charga diatributiona* Tha build up 
of polarisation oceurt <toing ostornal fiald applitatiofi idiilo 
tha photocon^tiyity ia in a atata of oxcitatiofi* This oopara*- 
tion poraiata j^tor oxcitation and fiald rowoval bocauao of 
trapping procataoa* For ttioao forson*in ohargt diotributioii» 
static BOdiit haoa boon do¥al<^aod» EpporiBumta^ ahow that tifo ^ 
fundiwiiitally diffarant intomai charga diatsibutiono tan 
doooiop basrior mid bulk poiarisation* Batrior poimriBatian ia 

pWwWmwm imiRI lAIXTiKw JTw JLm^Wm mmwmWtmWm 

SnM^pi WWliPvvv lilldPiMIlyPI mtmp3LW)$ IIMI •Xw# pMpiilLmAlW Mnw 



9 


ii«gative ahargt carriart aecmulat# naar tha aJtactro<}aa 
Isacaiita of high raaittiira layars at tha photo eon^etoi^ 
alaetxoda liitarfaeaa» If that# two iraaiativa layafs art of 
tha ama inegnitudat tha hairriar poiaritation iaavaa tha oii^Ia 
aiaetricaliy naytrai. Furtha»©yat it ia not iwoaaaiory that 
tha tMiipia ha imifoirmiy axeitad dtixifig poiarisatioit* In hulk 
poiairisationt tha noxa st^iia oaxf'iaxa axa atlaaat partialiy 
xaaovad faoia tha aa^ia with tha lata nhhiia eatriara xaMiining 
in a faijriy unifom diatrihution ovax tha hulk of tha aampla* 
Meordifig .to Fxi#cin at ai^t tha photo poiarixation atata 
pzoduetii hy tha application of fiaiil and light#' ia haaad on 
tha aehaMa of aiactxonic anargy iavaia and tha inaaatigatiofi 
of apaea chaxga in photo«*condyctiofi provida a hatia for laidar* 
atandinf photoaiaatrat aachaniaa* 

It aayt hewavar# ha pointid aut that a thaory 
which aiiccaaafiiiiy axpiaina tha hahaviour of thax»eaiactrataf 
wight prova ipiita Inadaguata to ai^laia that of othora* Althoufgih 
a nunhar of thoorioa hm haan ai^aatad hy aariaiia workartt 
yat nona of than ia conpialaly aatiafactory* Thua aiactrat 
itata af natariaia proaittea a wida vnd rawardiiig araa of 
roaaarah* 

i*S Matariai Mid tho f oxn of aaipioa : 

wSTSt !jIhI' 

OxgMiic Inauiating natarlaii '* luiaa haon 
•uhjaat af aanaidarahla Intaraat ihia to thair wida appiitatiana 
in a nnahov of daaiaoa* In taaant yoara# tha atadlaa «# thaaa 
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in fii* hi¥« attjr»ct«d th© atitniiiwfi ©f 

IfiVftstigatars du© to thoix^ gppiieati«m in Biero©i«€tirofiie» 
andi as ©iactvats in a niabtr of ©itct^ritiil doviooa* Du© to 
thoir Mail tisOf thin gpoeimona art prof ©»r«cl to tho orystais 
of btiifc matoriai* Tho thin sanpios havo stiii iridor rang* of 
•ppiication as eeoparoii to buik organic crystais* 

Sovorai toehnifiuos aro avaiiObia to fom tho films 
of organic matorials^^^* /miong tham aro thasmal ovaporation^, 
i^uttoring tochiil<ni©s*^ or chsaical liapositlon mathoOs^^* Tho 
films formad by thantal oom^oration rosiilt in dagradation of 
matorialSt aooh films also out f or from tho prosonca of pin-* 
holoi and voids* Tho priribloa of pii^oloa can bo eontrollod in . 
films proparod by sputtering or ehamical dtopoaition* Homovort 
materials suffer, from dogradati«ui' in sputterii^ technique* Tho 
problem of degradation of tho material can be ovoreame in eat# 

5(3 54 

of polyiMirie organic isatorials * . • 

Polyvinylacetato (PVAc) has boon chosen for tha 
praaant invaatigation* It hat tha foUoeing chamicai atrueturo* 



n • the nuRbar of monoiiior Junetiona* 

PVAt it an iiM»iplioua pelymat* Xta aupocmolatuiar 
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orfafliiatiw l» ©xplaified in tews of ciottoy •tyyctuyo* By ■ 
Ciustors moant tlio yogions (donains) that haw a 

denaty packing of the sioieeuiei Coy theiy parte) and a nor# 
ordtred ayyangment of then in conpariaon with the main iooaer 
and unorderod meat of a au^atanee* it it natuyai that the 
denaity of a eluatey ahooid he some what gyeater' than the 
average denaity of a aWetance* At the aame time eiuatera are 
ieaa oydeyed and ieat Wnaeiy packed donains than eryataliitea* 
Ciyatera exist that in definite eonditione are capahie of 
having a exiye ordkiyed ayrangenent of their noieeiileit i*e« are 
captiiie of eryataiiisati^* On the otherhandf the exiatence 
of eiuatera that in principle m not cryatallixe ia also 
poaaihle* Since regular packing of the particles in three 
dinenaione in this cast ia ahsentf then when cooled from a 
aielt» anti^cryatalline eiuatera can not continue to grow 
unliniteclly without the appearance of voids or dialocationa* 

If the nodal prw^tod by Ul^lode^ ie applied to pelynerct it 
can be aaauned that in additien to cryctaHino rogiona# a 
peiyner stay alto have cryatallixing Mid nofi^cryatellixifig 
cluetera* in this connection a polymer ney bo eonaldered ac a 
complex of aeparete ^tadtne forming differont parte (by volume) 
of the total volume of a polymer and organlied in different 
waye* Ftcn that Ctand poiiit» pyAc tan be considered ee a 
tcmplen of different kinds of nonwryatailitinf cinatera among 
leas ordered and looser reoione* 

Ihe glaii traneition tanperetnre ia tha mast 


iiHpoirtant chairietwflitie t®oiptr«tyr« of imoiphou* polyiaort* 

Tilt eolteept of th® glass transition tsfaparator® of polyraors 
was iiitr#ciiie®ii by Utborroitor®^**^"^. Tti.tr® art difftrtnt 
Otfinitions of this tsfiJtratortf two of irtiich art in th® 
gr«at®st favour and art th® most corrtct* By th© glass transi*- 
tion tii^tratur® Tg is mtant th® ttaptratur® at which th® 
viscosity of a polyoar is 10^® poit®*^* On th® oth®r hwidt it 
is int®rpr®t®c! as th® t©i^®rature below which s#g®«ntai aotion 
of th® polyner aol«cul®s is f rosen* Th®r® ar® »®ny ©igj^riiatntal 
istthodi for d®t®r»ining %.• Th® ®©st dep®ndatol® on® i® it® 
<tet®risinati©n. according to th® t®iip®r®tur® 4^®n:d®nt® of th® 
specific voluMi on condition that th® aanpl® under study is 
sid>J®et®d to th®most®tic control for a sufficient tin® at 
each taiaperatur® point at which aeaauresient® ar® mad®* Acoustic 
isethods ar® sueceesftiliy used for d®t®xiiiiiiiig the giass tran®i« 
tion t®iiip®ratur®^^*^^* It it th® isost corrtct to dotermin® th* 
glata transition t®np®ratur® according to tho chang® in th® 
t«ap«ratur® coefficient of th® velocity of sound* In th® glossy 
state with an unchanging nature of th® »ol®cular aiobilityf th® 
velocity of sound dopsnds lintarly m ths tonpsrsture* Above 
Tgi idi®n imfroosing of sogaental weAiility of tho nicro* 

BrowniMi typo bogins# tho tef^oraturo coofficiont of tho vtlo* 
city of sound sharply changes* For PVM$ th® velocity of sound 
shsngos nost grootiy st Accordifig to tho dots of 

dilstonotric nosouronontst tho glsos trsnsitioii tsdporstuso is 
ogusl to hods snd his Collsborstors^* usini ths 


t«H^«ratw 3 r® d(^®na®nc« of th® specific vciwe* f©ynd teiip»ir»- 
tiMT® trsnsitiim at 3S®C: in PVAc*. This ahcwt that ttw glatt 
transit inn t<Mip»rat«r® of .PVAc lies in batwaan 3D® • 40®C* i 

i 

i«6 l)opaitt material ; 

i 

I 

! 

on# way of eodifyitig polymers ysed to isprove | 

their properties is additicm of iaporities* Plasticisers are 
introChiced into the polyeera to decreaae the effectiwneaa of 
inter«»aioleeiilar C interchain) interaction^'^* The laittroscopic j: 

effect of plasticising usually manifests itself In s reduction I 
of the glase traneition tM^erature* Beth leer and high moleciilar i 
auhatancea are used as piastieisers* The piasticising action ! 

depends on the chemical structure » else and thi^e of the i 

plasticiser laolectiiee^®* GiWbs and Marti#®^ showed that the j 

effectiveneas of the plaaticiser dependa* to a conaichirahie 
extentf on the conformation set of ita noleculea* Plaaticiters 
whoae moleeuiei can tahe on a greater nunher of c^ormattona 
lowtr the glaae tranaitiint tei^eratiire of a polymer to a ^great 
extent* 

Certain appllcationa of polymer fllma In aolid 
•tat# dtvlcea hare neceaaitated increatifig of thoir olottritol 
conductivity* Sovord worhort havo reported intreoit in 
conduetivity of polymoro duo to doping of thorn with oovorol 
iapitritioo* Polyhutodioiio has boon <htpod mltii thloroiilli 
3»3 dieliloro*M dityoiMh«niio<luinoAo and tetrooyaiiotthylene 
and on inotooio in oonduotivlty and amiar mohillty haa iMiatt 
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ofewiirvani*^'*^. Low and high dansity poiyathylanaa hav® b«®n j 

<le9$>«{| with haiogano and tho largest increase in conductivity 
has hten c^sesved due to incorporation of iodine • Hecently ^ 
polystyrene has been dN^ed with acrylic acid ehloranll* * . ! 

ccpperphthalocysnine*^^» lodin#*^^t pyrene*^^# ferrocene and 
anthracene‘s end a marked increase in conductivity of the 
polymer has been observed. These re suite show thet the conduc*- ■ 

tivity of polymers can be greatly affected by dkiping them with I 

euiteble limi^urities* Both inorganic and organic impuri^ | 
ties'^^*''^^ can be used to modify the eiectricel conductivity of | 
poiyMire* Inorgmoic impurities have moine profound effects than | 
organic impurities* halogens art known to form poly»e]>halogen i 
eemiplexes^ with rigid matrices. Iodine is an strmaf electron { 
acceptor type impurity and can affect greatly the conductivity ; 
of polymers* For the present work* iodine hat been chosen as ' I 
the materiel to be incorporated in PVM* ^ | 

1*7 Me^ioda of investigetion 

the .knowledge of electrical conduction ia oseontial 
inordtr to underatiMid the electret forming characterietica of 
the material* 7h# bulk properties of the electret are inveeti* 
gated meet directly by the eectloninf technigue^^* iut planninf 
the surface of a oolarisod dielectric ie a craatic ooaraticii* 

It generatas new imarf ace charges by triboelectrit and bre^tdewn 
effects which falsify the results of surf ice charge mees ureiisn te 
•ede with the dieeeetibie eapecitor^* Ptefereble ie ttw 



of thomally utimuiatod ciunrofito ' • Photo* 

oioctrot st«t# In the raateriel can he inwatigated by meaturing 
the photodepolaarltatiofi cinrrent®*^*^* There it a definite 
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ion b«!i9bar<liOfitt it is iF«f#jnre4 to as oattioclic spy titling* Ttio 


^uttored atoias ean im eondansad oit a aiii»strat« to foxm a film* 


Boeauat of ilia hi^gih p^assura of gas uaad and higli aanaitivity 
to eontaoination in oomofilir ysad glom diachayf^ apyttax^ingi 
tha taehniqua has ganarally l»aan taimad dirty* SpyttariRg can ha 

achiavad hy lowr prasaura* HF* Im liaiai and raattiva aputtaacifig* | 

I 

Elaetro or alactrolass dapoaition and aiiadia oaldatioit ara 
chamioal aatheds to dopoait tha films* In ahaniaal aapaitr I 

dapoaition tachni«pai a volatila compotind of tha aid»ataiiaa lihith 
is to ha dapositadi is vaponriaad* Tha vapour is i^amally 
daeofsposad or raactad with othar gaaatt vapoura or liauida at 
tha suhstrata to yiald f^ii*volatiia raaation prodhitta aiiiaii 
dapaait atamiatically on tha at^atrata* Taahnoiogy »i film 
has to a a n ri TlS MS d l bv choPMS^ 

P«iip«Plllli©w mmm mwwm Wwwml^^m Wf %»iWpiril # | 
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Th« IxmdiMm ttchniciue for prspairatlon of 
poAyffior fitei ia a high onorgy toehniguo* Siailiariy liF 
ing of poiynost it aiio « high mmgy prooott* In th«t« high 
mmxgy pYoootttt th« erots linking of th« poiymor ehaint it 

:( 

highly prohaliit* Th® fiimt to foratd thw high dioiooteic lotttt 
and gtgradttion «fith tia«» Thot® film* mcmp thoirtfoi^f not 
•yitahio fo3t practical appilcationa* Fil»t of polyvinyl chloride* ! 
acetate co*polpi#r^ have been prepared by apreadiiig cycle* 
hexanone tolytion of the polyser over a water turf ace* spivack : 
haa prih»ared parylent Cthe generic name of a fanily of polywora . 

bated on poifiiP*xylyleiie) flint by vting the vi^otir phaee I 

lOl ' i 

depoiition procete which hat been detcribed by Gorh.an^'^** the | 
filns thus fotned have exteiient nechmietlt phyticti» electric ti | 
and barriar prcpertlaa* They are virtyaliy imirt to noet acidt ^ 
and baaet and are inaoicbie in nett organic aoiventa below ITOdc* | 
The iaothexnai' inner aioii techaiipw^®®*^®^: on the other handt | 

■ ■ I 

appears to bo tiaipie and powerfyi teclwiiciiie for ebtaialng | 

durable end ueefiti pelyner filaa* leothemei Innereien technigue | 
haa been used by eeverel woitere^^*^^ to prepare pelyner filna* I 
In this netMf the growth of the nolecular chaina on the 
eid>atrate it predoninanUy leterel* The nolecular chains or the ; 
cluitere of tho cheint abeoxtied on tho adbatrate attain a 
definite eipilibritni aiae* Theee ciuetera do not eigniflcantly 
incxeate In site aa the eguiiibriin thickneac of the filn 
iiicreacec but their mmber increeieo* the dnctwra tend to defoxn 
in one pertlcuier direction end the extent of defexnatioii 
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•daoxlsed chains forming a ciwstar of chains* Tha adaojrbsd chains 


and si^ssciiisntiy tha ciustsr of chains adlust thsttssivss 


iatssaiiy on ths m^strats* 


2*2 Ftsparaiion of P¥Ac films 

FVAc fioRi BOH ehiiiicalst Fools (England) was itssd | 
in ths wsiie* S' m sf FVAe was dissolsad into ml of cyeliN* I 

htianons* Mmainium sShstratss wars mssd in ths wo.idc* Al foils | 

wars clsansd hy subbing with cotton and than by kssning than | 

insssssd in bsnsana* Tha slaansd foils wsss stossd in murs 
alcohol* Isothssmal solstion imssssion gtowth tashniqiis of 
f»sai>atiiig ths films involyss isothaimal Immassion of ths siiis* | 
tsats into tha oolinas soliiticfi hold at a nasticiilMr tsapsratiors : 
f^ oartain tims* Ths aispasatiis ussd to ovaoass ths fUmi is 
shown diagsaaatically in fig t*i* 

FVAs solstisii was iamsirasd in ths oU bath* Ths 
tssbstatiwa of tho oii bath wat hi|»t s^atant at dote* Ths 
•liistsats was hoid In tho sonatant taopotatstt bath* Aftst 
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th« colutlon and the stibitrei# at 40^09 tha aubati^ata 
mm imarsad in the aeieti<m far 10 nlna* The filne mm dried 
by iceeping theia within the theimostat at 40^0 for sore than 
48 hre* 

2«3 Evaluation of filn thicitntae 

The thieknesa of the filn waa extra«»olated.by 
neaauring lit capacitanoe at 10 lOlt and: taking the pemittivity 
value equal to 3* 

2*4 Doping procedure 

To dope the polymer iodine wee diaeolved In eycl#* 
hexanone to have the decired concentration and then tivi polymer 
waa Midod into iodino aolution to proparo tho polymer eolution* 
The doped filma were prepared juet like the landoped f lima* For 
aloctrodo variati^t PVAc filai on !%• Cu# 3n and Mo suhatrataa 
wort alto proparod* 

t ett 3^^ mjj; jHk laife jioa v 

%w S9INMiOJi|f' ■ 

A praaaad'on alaetroda aaaaid»ly waa uaed in the 
inveatlgation* It la diagrmaatically ahown in fig 2«2« The film 
alangwl'yi the aid>atrate waa ki^t on the hottom teflon ahaat to 
that the eidiatrate contacted with the teflon# An Ai elattrode 
of 1 cm^ in area eiarrounded with tlw guard ring to enngiid the 
•tofnte effeate mae praeaad m to tho film with tha halp of tha 
flyaatam* iha aantact of tha flyetraw with tha alattrada waa 


FLY SCREW 





21 


in«ul.at«d with a diidi* T{i« sulittrat# «et«d «• anathar 

«i@eti^od«* 

2*6 MaMibiy far phota aiQ^ariMut 

AaifBiably «t«d in photo-polari*ati®n and dapeiaiflPi 
lation aiiparittantt i« •cfiaMtieaiiy ahoim in fig 2* 3* W ii^t ' 
af wavaiangth ISIS jrO'^ ^ cudtt - 
laip wat iiicidafit an tha fil® ttiratigh a aaiai^traniflparafit aiivar 
alactroda* Tha aybatrata actad as ttia othar alaetradla* 

2*7 Raia af air in tha praaant aiparinantai sat lap: ^ 

Far fundniantai stadias ¥a€itiaii dapasitad aiaetradas 
art prafarabia* Howavart in tha prasant InvastigatiiMi prassad 
an aiaetradas haira haan usad* In aasa af prassad an aiaetradas 
tha contact hatnaan tha aiaetradas and tha paiyitar is iaparfact 
and thara art air ipaeas hataaan thaiii in which at high fiaid 
•trangths tawnsand hraididawns wiii acciart so that tans or 
aiactrans f tea tha air art injaetad into tha poiyaar. tha hoMO** 
charging by braakdewn of tha air is daiibarataly intanaif iad in 
tha aanufacttira of aiactrats* This davoiopaant is iagiesi» 
batausa tha dapositian of honoehargoa fron tha air is a Much 
faatar proeaaa thwi tha hataroeharging by dipaia oriantation 
and apaca eharga awtian within tha poiynar* 

2*8 InatriiMianita 

Chirranta wara Maaurad with EA tii aiaatroiiatar 
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wliicli mm c«r«fiil.iif a»ci froundad m as to avoid 

ground loops or oxtranoous oloctrical noitt* Teciperaturo was 
moasttrod with a pracailbratad thonaooouplo# 

Tho thanioalsetric a«f • gonoratod was notad with a d*c* micros 
voltraotsr. Capaoitancss and lottos woro moasursd with a iCE 
systronics hridgs ineorporatifig an audiofracponey ©seiliator 
(from Toshniwal)* 

2*9 Elsctrieal conductivity aaasuramsRt 

Else trie si conductivity of ditlsc tries is gonsrally 
invsstigattd sithsr hy hsatifig tiit saapis over a tsspsraturs 
rang© at a constant rats and tstping the appliad voitags eonatant 
or oy Implying a voltage ovsr a rang# fcospifig tlis tsnpsraturs 
constant* Both tho proesduraa havs hssn adopted in ^ present 
investigation on electrical con^etion* . . 

Current^voltage characterietics at different tMpora» 
tiirea were traced hy applying a voltage in the range l«S * 99 V* 
iihen the fiJiB eipilibrated at a particular temperature • a voltage 
waa applied* The current was found to decrease first rapidly 
and then alowly to reach the steady value in shout Ih mino* tho 
voltage was varied in sti^s of l*h V.upto 9 V and then in otops 
of 9 V upto 99 V, 

Corientvtsnpora'tMfo c ur ves of various films wore 
ohtalned hy heating the aanple at a rate of l^C nlnT^* h volia^ 
of 9 V woa oppllhd to tho turn and the atoady aiate ouarront waa 

IPPIWBFlIwii Iwi mWMWWmmw Wmmw dWrlllllJrlriyiw wm 







2*Jl 2 CapacitAnc« «n4 loss factos' naatuiTMaiit 


Di«l«ctrlc p*«p®rti®t of polyinftr fitoa mm inv»»t4- 
gatod by meatutifig simoitanooualy the ea^eeltance enil the lote 
factor over a wide range of f requeue let and teiaperaturee* fthen 
the fiin equilibrated at a deaired teiaperature# the eapaeiiaiiee 
and the loss factor were meaaured by varying the frequency in 
audiofreqyiency range* To atudy the effect of dk^ant concentraf* 
tion» PVAc fiima incorporating virioua coneentratione of iodine 
were e^ioyed in the inveatigation* 
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ELECTRICAL CONDUCTION 

' I 
1 

3*JL Xntsroduction 

Moit nf th@ pulymeri ar® con*i<5»r®di to b® insulatosf* 
bocaut® they tliow low eonduoiivityt low iil«l«etric lo®t and tii# 
fertakdown ataMnigth^^*^* Hcws^tvoXf me,m% jf®i««rch In tti® fltld of 
poll^trs has ltd to th® dovelopmont of i^«cial typta of hlfh 
molteular woight materials which txhlblt a conductane® high 
onoiigh to data th®® as stialcondMCtors Cih»®«lff« conductivity 
• 10*^® to 10^ Oha*^ caT^) or ®v«fi in toa® ca**® as conductor®^®®* 

In past sovoral yoarst a good afflount of work haa^ 

109»1H 

b«®n reported on electrical conduction in polyneric nateriala 
and varlwia mechaniima euch as ionic conductlon^^^^^^i Sehottky 
oaisalon^^^^^’^t ipace charge Itolted conduction^^®*^^® 
tunnelling^^f Poole^Frenkel oechanism^®^# charge hwing^^ 
and ainali polaron have been prated to expiain the 

experinentai reauita* 

Electric current ia an onUred Ci«a*» having a 
definita direction) notion of electric chargea in apace. Current 
^f^eara in natter under the effect of ^liod voltage* the 
charged naterial partlclaa of the natter being broiaght Into the 
state of ordered notiofi by the forcee of an alectric f iald# 

Thus any nattor will ba conductive if it conteina freo chat^ 
carriera. Viitn iona novo in an electric field* electrolyeic 
tehee place. Olelectrice wi^ ionic ciuidiMition are dee epbjected 
to oloitxolyeie but it it not eo pronouncod duo to their high 


I 
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A larg® <iu«ntity of ®l«e.tyi«!lty c«fi b® 
thiroygh thera only during o long poriod of tiaio if a rathor 
high voltago it appliod* Elootrolysit in dioloctrioa it wort 
proiaintnt at inertattcl tti^traturoa whan tho rotiotivity of 
iiatttr it vtfiuood* Th« sioltcults of iiott of organics polyiatrt 
can not ho ionitod hut ionic conduction ttill takot placo duo 
to protonco of inpuritiot* Nonohaie conduction at high fioldt 
in ionic nodal is oxplainod by diffusion ovar fiald partuitiad 
potential harriarSf by intarnal hasting and by polynar atructur# 
nodification by tha fiaid« fha axponantial tanparatura dapandanca 
and dlapreportionality batwaan currant and voltaga ara uaualiy 
•xplainad on tha baaia of tasparatur# and fiald dapandanca of 
mobility* In that easti curranWoltaga cunraa follow a hypar» 
bolic •ina®>f unction* But it is not a daf inita proof of ionic 
conduction^®®* In polymars with halogana in thair nolacular 
•tructuraf aiactrical conductivity is gualitativaly provad to 
ba lonic^^®* 

Tha fact that alactronic conduction playa a roio in 

■ 

pelynara waa aatabiishad axparimantally by Saanor • To diacuaa 
alaetronit conduction it ia nacaasary to invaatigato tha ganara* 
tion of fraa earriara and thair tranaport through tha matorial* 
Savarai booka and raviawa^^^^ dtal with tha probliM of 
carriar ganaration* Contact iimitad asiiaaion waa firat otudiad 
for tha natal * vacuun intarfaca* In thia caa# thrao nachaniisia 
of tusiront flow nay bo diotinguiahod* Thamionlc oniaaion^®® 
Csahottky antaaien) ocaura in tha ioift»flald high^tanpara^nNi 


2i 

limit* Fi«ld CFowl«cv»Mofdlii#iit tuiin«llin§) 

occurs in th« high»fi«ld Ifn^tomporaturc limit and la tha 
diroet quantum machanieal tiinnalling of olaetrona from allowod 
statos helm th® form! lovol in a motal into allowed statoa in 
vacuum* Tho*mtl«*fi«ld eiaitaion^^^^^ occur* whan tha dominant 
eontrihutimi to tha ohaarvad currants arisas from tha tiinnallin^ 
of tharmally axeitad alaetrons through tha narrow tjppar ragion 
of tha i»aga«forca*lowarad worii«*f unction harriar* Murphy and 
Good^^ ahowad that aach of thaaa machanismt is a limiting 
jt^roxImatiiMn oiiaarvad tindar appri^riata conditiona of ^opliad 
fiald and tamparatura* 

In polymara at or halow room tamparaturat tha 
dansity of fraa chargt carriara is axtramaly low and with an 
alactric fialdt non>»a<piiihrifM conditiona can ha achiavadt 
which can ha aaaily anhancad hy inj acting a charge through an 
ohmic contact* If tha cimtact is aguivalant to aufficiantly 
large raaarva of fraa charge at currant^voltaga eharactari» 
atic doaa not ^and on tha mannar in sdiich tha ehargaa are 
generated hut i a atrittly connected with 'the charge transport 
mechaniam* afirrent<i^ltage curve ia generally nonlinear on. 
account of two haaic cauaea* At high fielda the charges are 
accumulated between the electrodes'** • the presence of traps 
within the forhidd^ gap realists the free charge dwfiaity and 
psediices a localised charge i^naity within the polymer* The 
dwsaity^ energy disirlhiitlen mnd nature of the trapt have a 
dstonainliig influsnss on iiirrsnt*voltago charactoristic which 
also dapanda on ^la typ# of ehargaa involved in the conducticMi 
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l»xciet«8« %»««« chaff# iiaittH ctirfcnt thmrf cf haa 

b««ft no<iifi«fi bf Lanpait^^s . 

TfiPfiirig aitaa @x«rt a atfcnf ineiitttic# on the 
cuff ant flour tiw concontfation of ffoo eafriofa m6 thoir 

mbilitf* Mobility valtioa in polyoera ar« vory low augfostifif 
•tfong irappiiif* Fhonyl xing t anO aliphatic or arofsatic groiipa 
»ay bt aetivo tripa* Tha trapping ability of iinaaturation aitaa 
in tha ehaina and at Hia chain anda of pora polymira ia eonfixmad* 
SiKilar eoncluaiona arc obtainad by Parlatan and Uiigar* in tha 
itttdiaa of alactron trapt in irradiated polyathylana and taflon* 
Mobility valuta of polyathylana aatlafy tha relation for carriar 
hopping batwaan localiaad aitaa* If tha activation valuta of 
hopping art low 0*2 * 0*3 aVf hoiking ia eonnactad with charge 
JiMpa broii^ht about by wotiona of chain alaaianta and tha procaaa 
ia related to ao callad chain ho{H»ifig wachanian while of graatar 
valuta (0*S aV) tha ao callad trap hopping wachanian ia involvad* 
Martin and Hirach* propotad anargy trapa 0*2 •» 0*7S aV for 
polyatyrona and 0*2 «» 0*3 aV fm polyathylana taraphthalattf 
ahowing that both ttochaniawa play a algnificant part* Life ti»a 
of carriora in trapa dapwida on tha field* thus band nodal with 
trape of varioua daptha aaplaina axpariwantal raaulta raaaon^ily* 
Howavart tha nature of chatfa carriara and trapping aitaa haa 
not yet baan tattled aoneluaivaly* 

In tha ciaa of polyuara where ll»atoiia in the baalN> 
bona ehaiiia are taplaaad by larger arcwatic gsoipa with 
uiialadttanat tha lii#aat filled and the lawaat anpty nolacular 




osliits fomtd ftm the substityefits and the charge 
transfer eecer within the pendent greups where charge carrier 
density is higher due te higher affinity te eiectrens er liiiles* 
The reie ef hachhene chain is less iiaportant* Talcing into 
consideration that the overlapping of iwaysteais is eisalit the 
hand width mat he narrow • The hand width depends on the method 
used hut dote not exceed 0«i eV« This narrow hand width is 
reiponsibie for the fact that the eiectrens are for <p»ite a long 
time connected with the particular Ts-system which exceeds the 
vibrational and the high frequency dielectric relaxation time* 
This results in dsfosiBetion of electron deneity in the »*sfete« 
and in Induced poierixation of the neighbouring w^iysteeis* The 
bonding energy of an electron to the potential well can be 
caicuiated* Thexmai energy (Phonons) can be transferred to 
eiec^ons# inducing theniaiiy aeelsted hopping* This mechanism 
is called amaii polaron mechaniam^^^* Xn polymers conduction 
can bo oxpiained in terma of small polaron nechanian and ii| 
mm caaea aa intrinsic phenomenon* 

The trapping cipabiiity of a polymer «an be greatly 
modified by doping it with certain Impuritiet* Carrier mobility 
in polymeric materials is increased by small moleculei mich as- 
iodiiie^^* Becently Srivastava and Cowoxtert'^^'^^ doped pely» 
styrene with several iagmritiee and found that ^e conductivity 
of the polymer is greatly eidianced due to doping of the matrix 
with iodlna^* Tha onhanead conductivity of tho polymer haa bewi 
UilwXpSIIIMw HI 1«S9S #• 
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Ttii* ehaptvr d^sefibet tt&ntlmt l»«havl 0 iir of 
eurirontt ciutrtnt*vol.t«go eharaetoriotlet aiul tomporatyr# 
«So 0 OiidNmo« of eiunroiit in piivt and iodina doi»td FVAe filias* 

3,t Eoiuita 

Application of a witaga to FVAc fiia at a parti** 
cuiar taiBparatura gava a currant wtiicli waa foynd to dacraaaa 
with tiaiOtt Tha influanca of voitaga and tanparatura on tranaiant 
currant waa imraatigatad* Tha aid»atrata waa hiaaad poaitiiralY 
and tha uppar aiaetroda waa' connactad to tha aiactroaiatar» Tha 
currant waraua tiiia on a doid»ia log acala yialftad a atraight 
lino* Thaaa linaa at 2D^ for woltagaa !•% 9# 27t 94 and 90 V 
ara ahown in fig 3*1 • Tha alopa of ^a atraight lina dacraaaaa^ 
with tha incraaaa in aoltaga applied* Fig 3*2 axhlJaita currant 
aa a functian af tiaa at a voltaga of 27 V for 40# 90# ftO and 
70<K: tawparaturaa* Tha alopa of tho lino incraaaoa aa tha 
tanparatura ia ineraaaad* 

Cii«rant»¥Oltaga charaetariatica af 90 |%| thidi FVAa 
filaa ot 30# 40# SOf dOp 70# @0 »id 90<*C art ahown in fig 3«3* 
Tha woltaga waa variad in tha range i*9 « 99 V* Tha eurwaa ara 
aaan to ho atraicht linaa* Hio aloo# cdf ttw lino doaraaaoa with 
the incraaaa in tanparatura* PI . a# t rade affect on cuMfrantwwaltaga 
charaetariatica of iPVAc waa invaatigatad at 30^ hf anplof^ 

Alt Flit CUf ai and Mo mihatrataa tdiiah «ata hiaaad paaitiaalf* 
Pig 3*4 iMuatrataa tha affatt aiaetroda aatariai an aurtant 

ilwVliiS iNiillMlipl #i»9 il@ni4ll.llp VniVlImiNP* 





CURRENT <A) 





th» rlt« in 

Ttm 9ft 96% of ioiiifio conoontiration on oloetrieoi 
eondwetivity of PVAe w«o invotiigatod l»y floating tfto aamiiio at 
a imifoia rata of i^C A potontiai of 9 V waa appiiod to 

tha fiia «nd whan tfia oiiriant atamad tlia ataady W9ilm$ tha 
aanpia waa tiaatad* Cmrant varaua tai^aratiixa ouwaa for ptura 
and 5t i0» 30# 90 gi*^ iodina d^ad l*VAa f ii»a ara ahown in 
fig 3#T» At a partiauiar tanparatuxa .tha aurrant ia anhanaad dua 
to inoraaaa in eoncantration of iodina ineoipotation in tha 
poiynar* Tha «iia-r«(it»taiiif»arattira torva of !^A« filn ia iinaar 
iipto ahout hayond which it handa haaviiy* Intorpovation of 
iodina in 9 gi"*^ ctaataa a kinli romd 39®C in ciimAt»tini»aratiira 
ciaraa of PVAo* Aa tha dop«it concantration ia incraaaodt tha 
kiidi ia ahiftad aii^Uy to a highar tawpavatiiya* this kiidi 
dipaava at ahout do and 49% raapactiaaiy fot iO and 30 gi*^ 
conoantration of iodina* At 90 gi*^ aoncantration of iodiiia tha 
kink diaappaara and tha titntiNit incraaaaa itnaariy with taiaMdra* 
tura# 



3*3 Discussion 


£isct»>Rie conduction may bo duo to the motion of 
free carriers# eiectrons in the conduction hand and holes in 
the valence hand or altematii^iy to the motion of ciuasi» 
localised carriers which is otherwise described as hopping of 
hoioid carriers between localised sites^^^ in the dielectric* 

The fonner process requires an activation energy in order to 
escite a carriar into the relevant band and thle energy can 
normally be supplied thesnsiiy or by other free carriers which 
have acquired a high energy In an electric fieid# leading to 
an avalanche procesa* The activation energy nay be affected by 
electric field as In ^e esse of Poole<4^re.nfcel effect^^*. 

The hopping process requires less energy than the 
activation into tl^ free band wfid ^is energy may# in the limit 
of very high density of localised centres# tend to sero as in 
the case ef Impurity band conduction in acmlMiefidiiCtiirs^^'^* this 
process is favoured in the case of heavily disonhmred aolidSt 
such at amorphous and glassy dielectric films^^* 

Some dielectrice show a region of linear current* 
voltage characteristics i«e» ohmic conduction st low fiolds^^^# 
spocially at elovatod tonporaturos although moro ofton this 
roglon can not be teen at the limit of dotoction* Xt is difficult 
to ostablish conclusively whethor ohmic conduction ic ihio to 
ionic or oloctfonic psocessoc but ionic mmrntim wma.4 aigieor 


Xn interpreting the pr<^rtioi of dioloctsic filmc# 


■■ O'? 

on# fmqutnily concepts tak#ii omx ftm th9 physics of 

crystailifio nVidia, Xn this way ons refers to triQ3>piiig ieveis 
and donor md acceptor ie¥els at discrete energy vsiues* One 
^eahs of energy harriers due to ionised isv»urities and* in the 
case of Pooie**Frenkei effect one «f>ioys the modei of hydro- 
genic impurities in which the hound electron is characterised 
hy a «hifinite effective mass and a grotmd state orhit of a 
dianeter corre^i»ending to several interatoeiic spacings* 'These 
concepts asy he valid to a greater or leaser extent in the case 
of poly crystslline and micro crystalline filmat although 
allowance »ey have to be made for the pretence of interfacial 
harriers* It would he very difficult to Justify their use in 
application to anorphoua and glassy films* It is appropriate to 
recall here the ceiient features of the theory of amorphous 
conihietorB as it applies to dielectric films* The general consen- 
sus of opinion is that the basic features of Ute bend structure* 
such es the width of the forbidden gap * are determined primarily 
hy the ahort-rwige order i*e* hy the relative dispoeitien 9i the 
nearest fieifddiours in the eoiid* Since theee diapositiens are 
•Imilar in amespheue end crysteiiine ^iida* the breed featutea 
are preserved on transition from crystalline to smorpheua 
structure* The diiappearsnte of medium end long range order ahiee 
influence the detailed idiipe of the hai^ atructurei however* in 
that taae it causea a coneiihirahie blurring of the edgea of th# 
conduition and vaianca banda* and givaa riaa to a dlatribution 
af daap lotaiixad lavtla in tha foiblddan gap* 



In a eryatiUina solidi thara axlala a eiaax 
dialincllafi batiMiiii Uta profiagatifig Ipanda^eanchietionif vaJlwriea 
and fo3d)id<ian* In tha fomax th® eanriara pxopagata fraaly 
axcapt far calliaiana an thaxnal. vll»ra%iana and attiar iattiea 
lapaxfaetiani idiiah dataxmina a »aan fraa path vdiieh it graatart 
nauaiiy eanaiilar#>l.y graatar than tha Iattiea ix»aeiim« In tha 
fachiddan gapt tha anargy lavala ^at nay axiat dua ta lnparfae«> 
tiana ax^ atrletly laealixad and an alaetxan haa ta ha axeitad 
fr^ ana of thaaa lavala to tha eonduetinn hand haf era haing 
^ahla to nova on« %»aeial eaaaa ariaa idian tha laealixad lavala 
are jpaead ao eioaaly that their wave funetiena overlap and 
give riaa to tha foznation of the m called Inpurity hand# 
loading to natallie pxapaxtioa with xaro activation energy* 
Altamativaly* tha apacing nay not ha aa cloaa aa ia nacaaaary 
for tha fersation of an lapurity hMid# hut aufficiant for phonon** 
aaaiatad tiomalling hatwaan nai^^onring cantraa# the ao cailad 
lining conduction* Hopping ia charactoriaod hy an activation 
anargy adiich ia only a fraction of tha .nomai ionixation anargy 
of tha carriar from tha contra into l^o hand and ia of tan 
accoeipaniad hy a rathar coaplicatod fragiioiicy dopandanca* 

Tha aignif icnaco of thoMuxrad hand adgaa ia that 
thara ia no ahaap diatinction hatwaan tlM» propagating and 
forhiiMMi gap hut inataad partly laealixad lavala art fomod 
leading to a comdiictlon hy a procaaa IntaxMidiata batnaan 
iapiHrity hand and happing i^Ndduction in whiah tha ptapiigatiaA 
af catriata ia charactariMd hy a anall nohiiity* Iha daapav 





th* til® »or® iocaliitd th#Sjr ch«r«€t®3rf until th® 

tail ttataa naif eanaidaraci at prapar trapping ait®®# unlik® 
traps in cryatallin® ®at«rials{ ho®®v«rt th®8® iift«p atat#® 
mul4 not poaiwaa any claarly dofinsiS aetivatlon anargy* 

P®ol®*Frenli®l n«eltaiiism it fraguantly iny®lc«il in 

th® intarpratatian ®f alaatrie eunmnt in iiialaetrie filsa at 

raaa^alily liigli alaetrie fial«lt» Ilia pliyaical Paaia of Pool®* 

Fxonleal maetiwniaai ia analogima to tlia Sehottky «aiaaifl«t* 

o*Diayar^^ in a thaoratical pipar eonaidara a <lataila<i alaatronie 

nodal of a dialactric with trap® with Schottlty aniaaion fron m 

in j acting alactroda and with Fowlavta^lordhalai earraction f or 

tiiiifiolling throi^ tha top of tha harrior at high fialda* In a ; 

racant raviaw of Poola*Fv®^nkal nachiatiin Stanona^^^ point® out 

that aigiarlnantBl data apparantly fayouring tha schottky 

mthmim can h® nada nor® cm^atihla wil^ Pool®«Fr®nk«l nacha*** 

nia« if it ia poatulatad that ahailew nautral ^apa ara praaant 

in tha diaiactric togathar with daap iying donora* Praidea «ad 
mo 

Simmm* conaidar furthar tha affact of apaca thar^ on Poolo* 

1 m tfife ' ' ' ' ' ' 

JT JTwCIHKvJli ■■ ■ 

A tonio«|iianat of tho ptianoiMii^ of oarrior in| action 
ia tha fomation of a apaca chargo ciotid^^ of carriora in tha 
vicinity of contacts* Mtitual rcpwlaion hotwaan tha individuai 
carriora linita th® totai in|®tt«d chnrg® in th® filJi and th® 
raaulting ciarrant ia said to ho apaco charga ilnitod* trapping 
•itoi roihita ttio na^itnda of cusront* tho nohiio thntgo anvtiora 
aro contiJwaUy Intoracting with tho iattica* A thoiModyiiiniaai 
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tquilUsriiMi ife isaintaifi*a beti^tan th« tpict eharqa and lattlca 

•o that thara it a apacial ralatlonah^ batwaan tha alactflc 

fiald and tha drift valaeity af tha earriart* Tha trappinf 

aitas aecantuata this diffaranea avan furthar* Halts ar alaet«» 

tana ean ba injactad acaarding to tha ehoiaa af alaatrada 
ilM 

aatariai » thia than brings in tlw addad eaiBpiieatian af 
raeambinatian* 

3«3 Ca) Tranaiant Ciarrant 

hhan a d*c» fiaid it if^iiad ta a finita thielenatt 
af a diaiaetrie aandaiehad batwaan taro paraliai aiaatradaSi 
thara ist batidaa tha rapidly charging currant and ataady atata 
canductian ciu»anti a lang tarn aiewiy dacaying current* Staii» 
iariy an ranavai af voitaga and tha alaetrodas chart* - 
cireuitadu tha fast ccnpanant af tha currant is falianad by a 
long tarn siowiy <tocaying currant* This long tars currant la 
knaan as tha ananaiaut currant ar abaarpti^ currimt^^* Ptavidad 
that tha prineipia of supaipaaitian haida# tha bahavii^ af 
changt in currant wi^ tin# far tha charging and diccharging 
avanta art aguivaiant «id thair nunaricai anaiyaia era idanticai* 
Tha diacharga currant nanifactc itsalf in tha faisiiiar abaarptian 
of tha charging aiptrinaiit* maiactric raiaiatiana idiith occur 
in tha fraguancy ranga o«i He ara namaliy atudiad by ttiair 
cantribtttiana ta tha currant decay af a charged dialactria m 

j** 
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Daa Gupta aid layiiar^^ repartad abaarptian turrant 
in palyathyiana tataphtiialata m4 palypiapyiaat by vaiyljig f laldf 


tiistft «l.*etrod« mutsriaJ. and thicknaaa and 
Identifiad tha naehaniaai fxim %hm posaiiiiiitiatMiiactirdi^ 
l»ol.ajrii«tion» diiiola oriantatinnt eharga atorift iaadind to 
trappod apaco ehavgo tffaeti tonnttlL&fig of chargo cairxiovs fron 
thft oloetrodoa and hopping of ohargo oax’X'ioirt thsemgli iocaiiaod 
atataa* Tho hohaviour of i^aorption eyinront in PVhe ia ohaorvod 
to ho aiiiiiat to that of poiypropyiona* A auikfan incraaaa in 
voitaga oayaaa tha einrirant to tiranaiontly incraaao to high 
valuta* In a aattax of minutaa* tha currant auAiaidaa to a much 
amaiiar atationary valua* Tha intaipratation ia that tha auddan 
ineraaaa in voitaga f oread a torraaponding ineraaaa of charga 
in tha eon^etion hand* In tha eouraa of Jiinutaat »oat of thia 
fra# charga aattiaa into trapa and on# ohaarvas tha rapid daeay 
of currant* Tha tin# raguirad for tha trapaiant currant to 
auhaif^ ia a diract saaaitra of tha captura croaaN»aaction of 

*0* ¥*ww CwOTliilJFSt 

Tha tranaiant currant ^ varaua tl»a t on a doiihia 
iog icaia yiaida a atraigiit iiAa (figa 9«i and 9*2) ahoivli^r that 
tha dacaying cunrant ohaya^tha uauai t^-imi Cn t an aaponantf 
0 < n < 1) hafora raaching a ataady atata* Tha fiaid dapandanca 
of tha cinrrant (fig 3*1) aay Imi aipraiaad hy tha raiatian t 

j <t) - K (t) ^ ... (a,i) 

whara ic ia a daaay f aetar indapmidiiit of tha fiaid E and p ia 
fmaid ta ha 0*9 at law appiiad fitlda* Tha vaiua af p daaraaaaa 

Hw JMiwPilliMi Mi iilil mH^WmWmwW wm 

furrant Cfif 3«t) na? ha daatrihad hy 


3 ? 

J (t) - A (T) t"" ... O.a) 

viher« A i« a taiiparatura dapandiint tan* Th« abtotpilQii currant 

shorn 8 a marked increase sdth te^erature* The observed ma^nitudle 

of n in the temperature range and the absence of an^f thiekneas 

dependence and ani^ significant eXectrode material effect rule 

out tunnelling 9 electrode polarisation and charge injection 

fonsing tripped space charge as possibie mechanisms for abtorp* 

tion currents* The observed behaviour of absorption current in 

the temperature range may be eiplained either by ttw nechmiam 

of dipolar relaxation in the bulk with a wide distribution of 

relaxation times or by a charge carrier hopping proceaa through 

localised etatea* A relaxation of dipoioa may alto be ruled out 

it a relevant oechaniam because the abeorption current was not 

my 

found to be Inversely proportional to the aaniple thickneea* * 

1*3 Cb) Electrode Heterial Effect 

ChaxiH* trenefer fi^ metal depends on olootron 

lovola in sdiich ^o oarriora idiift :ftooly imdtr tho infltionto of 

iia 

fiold« Tho onotfy on this lovol**^ may bo givon by t 

% « fig » Cig <m p^} m (Ac O p**| • Ig Ac 

*«• (3*3) 

ittii'flltMi nil' iiMil iiti y* ' 'Ml a ' M mik diiyilb jiik'illHidiiHiftA AiJb M 

WtmmW sm JLm Mmmmmmmwm 9mwW^§ wjMwmWPwm P MMI p 

polorisation onosgioc and X« ionisation onorgy of a moiocitlt of 
tho matoriaJL* bk corromondo to onosov oao Ew* Xn cnoo sdf 
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polystyrtfi* % m Eg w 4-9 iV whilt for polytihyleno Egc:^ S oV 
Cp* « p*<:^ 1*5 oV), 

Froii those date Intrinsie ^eneratioii of free 
earriert reaylting from ioltnafiii*e faetor exp C* Eg/kT) ia 
negligilil.t at toi^eratuxea heiw poiipwr dteoRfioaitiofi* It glvea 
more iophaaia to the inportafiee of n#tai«>electrode e^tact irtiioh 
ia the origin of oarriera reaponaihle for conduotion« 

The eontaot ia aaid to he iiieii if the diatance 
between iietal and dieieetrio ia iO 4®* It no exteea iona or other 
energy atatea appear In the dieieotriot ^ fenaiievei ia leidway 
between eondiietion and vaienee banda* The fexmiierei ia away from 
the vaeinni ierei by S ( <f oorreaponda to work fiinetion of : 
eieotron detaehed from the metai)* hhen the wetai eeniea into 
eontaet with the dieleetrie# th«re it a tendeney towarda egaaii* 
ration of leveia at the point of eontaet* If the ferni level la 
hi^er in the dieleetrie than in tlwi metal t then electrona are 
tranaf erred to the metal and in thia way a levelling of poten* 
tiala taker plaee* In the caae of orgwiie conponnda# there are 
no exeeaa ehargea even if there are defeetat they are deep «id 
therefore can not go ioniiation wider the iwfliienee of themal 
energyt the aami appliea to inpuritlea from other organle 
aioletiilea* Eleetroatatio ecpiilibriwi it eatabliehed only due to 
trenafor of oairiera from motel* Elootron ovtreonoa the potential 

iL|^ jjWl^juuy^ JB jm. 

Oiilflr*w 

It m ^ m m (4*4} 

idiile hoiee 
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3(f*’ • I|* • ^ ••• C3«?S5 

Xn tills way smission currant, arisss m d«scTil»scl by Biehsrdsim's 
squsticn t 

Jf «• A sip ( *» ) ••• C^*b) 

A similar scfuation bolds for bolts* Such an inisetsd; cbarfs Is 
captured in nsutral trips mbieb art always prsssnt* Fif 3*4 . 
oidiibits tbs lack of signif leant slsetmads offset ami eurrsiit* 
voltage cbariPtsriotics of FVM- films* 

3*3 (e) Tbicknets Papsndenes \ 

It is of importmics to be able to distingtiiiA 
between non^obmic bebaviour .due to space charge and that arising 
from other physical process* -the obvious method is to investi* 
gate the dependence on thickness of a set of cuerrentwvoltage 
curves* Ckarent^voltige chsracteristics of ^10 and IS mu thick 
films at 40^ are shown in fig 3*S whiie that of 3D thick 
film is shown in fig- 3*3* thick film givtc more current* It is 
the evidence of specs charge eccumuistion* Fulfrey et al^^ 
consider electronic conduction and space chaarge in amorphmus 
inaulating filma and eoncluda that at small thicknacces Schettky 
law ia more probable while at large thickneaa the Foole«#ceidiel 
law ia eipacted* thuit i^ cam midisra filma of vuriaua fhlck'iieaatat 
one would eipect Schottky iPthaniam for thinner aaipiei and 
reela«*Ftenkel far thMer apeclmenet i^e* the typical trancltlcii 






3«3 (d) Cii3nr«iit»v0lt«gt Ch8ir«et«»isti€« 


(J»V) ch«p«ct«»ittle* of 2D pa thick 
PVAc fil»« Ifi tho tonnsorctufc rang# 30»90®C- iMiir* h%m pl©tt»il in 
fig 3«3* Th«y «c« all linaat* vihaii tha eharga cairriara axa 
auppliad itm tlia alactiroda Mid - all #f thaai at« tYaftapartad 
Qhai*a law holda and tha eiifirafit la proportional to tho voltago* 
Tho currant in ttia caaa it liwitad bf tha alaetreda* i^han tha 
alaetric fiald la low, tha m^ility of tha casriara or tha 
praaanca of trapa can liBdlt tha currant ohaanrad in tha ayatan. 
In tha ahaanaa of trapa only nohility IJUaita tha curfant and ona 
haa a aupar linaar J^v 

Tha plota of fig 3»3 hava hami raplottad in ; 

fona in tig 3*8 for lyipliad aoltaga in hatwaan 3MI9 V* tha 
plota ara aaan to ha linaar* It ia a wall aatiri&lialiad aaparl* 
aantal fact that for fialda in aieaaa of mm 10 tcV on * nany 
dialactric filna aahihit ttirrant»voltaga charactariatica of tha 


f am I 


. # a 8 E*' ^ 

1 a ana C I 


Ct*7} 


whara a ia alaftronic ahargot E tha fiald» k 8oltanaiiii*a 
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of ®4th«y SchottEy or Poolt-Fr^nkti aochaniMB and 
sine® th® coefficient f3 for eithor of thos® is given by 
tiaily fundaiMntal constants* it it elairaod that it should b® 
possible to d®cid® botwson th® two mschanians frc^n th® nui:^#rieal 
value of th® coefficients* The expression for Schottky e«i#st©n 
is 


AiriWi I 


. ( I - V, ) 

kT 


3 


• • 


• (3«S3 


idiere pre«*exponential factor * Vg the potential barrier 

and p Schottky field lowering coefficient which is given by 

S 


P 

s 


i/2 


4% e 


• *# 


<3.9> 


where the dielectric constant of free space and €: that 

of the material* The field lowering of the barrier height for 
Poole-^renkel effect it given by where 

theoretical and erperlAentil values of p allow marked departtirea* 
Thia eomplicatea the interpretation in teima of either of the 
sinple fsodels heeiNiae a temperature ^eiwtonee le net provided 
Iji both the schottky md Peol#«>Frenkel meehaniHia* 

Scher and Montroll^^^ recently advanced the phene** 
-menologicel relation^iip for hopping conduction in which the 
field and temporaturo dopmidenct of the mehillty p la deecrlhod 
hy the f oHowinf eguatlon t 


^ f % #19® B ^ - l..-„ % T 


**• 


(*.«]) 


«IWN *• t* *wi t»ptwwi<ttl fMtwr* •• M* Tg ptxatmUat* 



io7t {k ) 

9-current vs.m^t of 20 yUmi thick pvac films at 


CURRENT* 5.8 X 10 A 


m =3.01 K' 

3 3 2.2 K = 60°C 



iZ 

and T| In fig 3,8 th® sc|uar» root vnltag® dapendafic® of 

eyrrant ia atiown for vairloui ttmponturea, Tho atraifht lin«a 
whofi extandad hafv# a cwson liit^rcapt, Th® vain®® of c«3rf®«t 
and voltag® at %h9 lnt«xc»pt ar« foyiid to b» 5*8 x 10*^ A and 
1240 V ir®i|>®c;tiv«lf« Th® §mm y«*ults ar® repiott®d in fig 3*9 
a® a function of IQ^/T in betw®®n a>40®C at 36# 64# 72 and 
90 V, Th® €iirv®i band heavily beyond 40»C, Thia bahaviour ia 
b«li®v®d to b® aaaoeiated with th® glaaa tranaition tofsparatur# 
of th® polyttax* Th® plot® b®f or® 40®C ar« •xtendad to hav® th® 
tMmm inttxoapt* Th® valu®a of currant and taniporatiitr® at th® 
intarcapt ar® found to b® 5.8 x 10**A and do^c raapoetivoly* 

Th® valu®a for current obtainad froii th® two inttrc®pta ar® .in 
vary good agroanant* Th®r®for® th® ouxr®nt and hono®# the 
nobility ia daacribad by eguation {3«10)» 

3,3 (•) Effect of O^ing on - Oarmt^Volta^ Charaotoriatioa 

Curronwoltago charaotoriatieo of lo gl*^ iodino 
dopod PVAc filna at 30# 40# SO and 60^0 aro ahown in fig 3*6* 

In fig 3#10 tha aguaro root voltaga dopondonoa of ourxont la 
ahown for varioua tonporaturoa* Tha atraight linoa aro axtandad 
to Join at tha eonnon intoreapt* Tha valiioa of eurront and 
voltago at tha intoroopt oro found to bo 8,4 x 10'*^A Mid ii83 V 
roopoctivoly* Tho aano xooulta aro roplottod in fig 3»ii ao 
a fuiittion of 10®/T in botwoon 3(>«40®C at 36# 14# 72 Mid 9© V* 
tlM oiirvoe bond hoaviiy idiovo S0^« Th® otroight iinoo noot 
at th® ooMiMii intMNNipt* Tb® raiuaa otgrront and ^MporatiMO 


CURRENT (A) 



60 c 


40 C 


SQUARE ROOT VOLTAGE (V^) 


Flg.3. 10-CURRENT Vs.'SQUARE ROOT VOLTAGE OF 20 THICK 




CURRENT (A) 



CURRENT a 8-6 X 10 A 


20 THICK 10 gl IODINE 

ftio,uf,:,;yo;i,TACEs 


1 t*^CURRENT - Vs* 








ACTIVATION ENERGY (eV) 




•t tm ifitmapt m fotsid to bo 8,6 k 10*\ m4 8T»C »e«p«ct«» 
imlfrn Bio vaiti«« for eorroBt obtiliiod fro® tho two intoroopto 
«r« in good ogroontont* So tiio eurront and honco ttio aobiilt^r 
in iodino dqpod PVM fil® i« also dfeotribod acl#«patoly by 
ogtiation C3.i0), Bit voiut of carront «t tho tntorcopt for PVAe 
fiira it obtainod to bo 5.8 x iO*^A whilt that for iodino dopod 
PVAc fii® it dotoxMinod to bo 8.6 x iO**^A. Honeot ttio carrior 
iKibiiity it onhartood duo to doping of tho poipior matrix wit^: 
iodino. tho vaiuoa of activation onorgy at difforont voitagoa 
woro eaiculatod fro® figa 3.9 and 3aii f&t puro Mid dcgiod PVAc 
filma ro^octivaiy. tho activation onorgy at a function of 
voitago for two typoa of aanpiaa ia ^own in fig 3.i2. A iinoar 
voitago <^onCteneo of tho activation onargy ia oxhibitod by 
ptiro and doped PVAc but tho alopo of tho piet for doped filM ia 
groator than that for tho pure mio. Biia indicatoa that duo to 
d^ing tho activation onorgy bocomoa «oro voitago dopondont. 

3*3 (f) Effect of Dopant Concentration on Tonporatiiro 
Dapondonco of Conductivity. 

tho conductivity ( o } was ovaiuatod fro® tho 
ttoaauxod vaiuo of cuxront (fig 3»7|* tho conductivity curvoa 
( o vorauc loVt ) of puro and iodina dopad FVAc filaa aro 
•heom iUni fig 3*i3. tha conductivity of PVAc incroaooo iinoariy 
uoto about dSbC* Boiottd 89^C tiui co nd u c tivity curvo bcMia 
olMwo an inficctiOR* tho intacprotatiMi of pm tenporatuxo 
dapMidanta of conductivity in poiyaorc ia fry fro® conoiatant. 



and lapuarity conductivity twiow infiaetionii SliialilctA 
and Varahinina^^^ and Wairfitid and P®t»aa^^ connect tha 
inflection «»ith giaae tranaition of the |ioiy»ev« They explain 
the inflection at glaaa txanaition hy change in environmental 
conditions for ion mobility at the tranaition from the glassy 
state into a highly elastic one* Hemrig and Jenckel^^^ and 
Eeddish^^ siti^ose that the inflection ippears as a result of 
the superposition of polaritation effects on the conductivity 
process at teiaperitures below the glass transition taaperaturet ^ 
at which relaxation times become long* Adamec and Mateova* 
conclude that the inflection on o CD curve does not necessarily 
correspond to the glees transition tamper sture of the poiya»r» 
even though the inherent cen<hictivity beccaiea a predwainating 
component in the vicinity of glacC: tranaition* 

Incorporation of iodine in 5 gl**^ eidiibite two 
regiona .in temperature ihipendtnce of conductivity of tho polymer § 
one below and the other above 4S^* with the Increaee in depwit 
concentration tho two regions become moro prominent wid at a 
cofieontration of 90 gi*^ tho bso regimia toiminato into ono* 

The valiM of activation energy for different rogions waa coloii* 
latod from Arrhoniut rolation t 


so 


o <■ (% 


••• 


CS«1D 


©0 if prf-^jcponfntifl factor and H th« activation 
energy* Ao^ temperature tail lj#lc«» 45®C in eonductivlty 
curvet of the di^ed filsit my he attributed to impurity 
conduction* The activation energy 2*b3 eV of pure PVAc it 
deereated due to doping of ^e polymer* The activation energlea 
of 5t 10 , 30 and 90 gi*^ iodine doped filmc esaae mit to be i*il 7 , 
1*54, 0,©g and 0*66 eV reepectively. The values of activation 
energies liiove 490C are celcuiated to be 3*98 , 2.60 and 1.74 eV 
rei^ectiveiy for 9, 10 and 30 gl*^ iodine iltoped films. High 
activation arises from intrinsic conduction. The 'difference in 
activation energiee it due to higher diseociation 'energy to 
form the earriere for intrinsic c^mduetlon. Similar types of 
results have been reported ^ to d^ing of poly vinyl flworide^^® 

•fA 

and polystyrene' « 

Below 49^ the setivation energy is decreased with 
the increase in iodine cimcentration. The conductivity is 
enhanced considerably, tdiich may be essociated with increase 
in mobility due to ^ping. The strong concentration dependance 
of conductivity of the polymer heipe to interpret that tranaport 
in iodine doped PVAc films occurs via e hopping process emimg 
sites essociated with the d<^iiit moiecuie* A rather detailed 
theoretical background exists for homing tranaport with a 
diacratt activation energy,: Theoretical taf inamenta «ra In 
progrtaa to includa diatribiition of hopping antrglea and to 
dtacriba altamatlve transport machaniama iuah as amltlple ttn» 
pping and trap»«ontxo|lad bwing^^^'^^, Altiioii#i tliono 


tHttriiloiis of th® tlioo3e®ti««l concopt will narrow th« rang# 
of pootibl® int«rpr«tatiofi8 of th@ tran^ort mchafiiiiBaf a 
cloar Idontificatlon would roqulro tha orpartoantal modification 
of matarlala pwrimotara ipacific to th# propotad tranaport modal* 
such as tha dafisitiaa of hoppingi or trapping sitas* In this 
raapactf tba coneapt of doping of organic polymara is axtrsmalf 
powerful. 

3.4 Conclusions 

ttia abova /^diacutsion on alaetrical eonditetlon in 
pitra and iodina dopad PVAc flint anabla to drair tha following 
concluaiona* 

!• Tha tranaiant currant in PVAc dacayc according to 

t*** law hafora ra achlJif a staady state* The ohaenred 
nagnitude of n and the leek of thickneaa and 
electrode naterial di^endence of transient current 
indicate carrier hopping proeeaa* 

2* The ehinmce of any si^if leant electrode effect on 

current*voltege charaeteriatica of the polymer filma 
rulta m% the Sehottky themionic mslaaiwi of charge 

$ 0 - : : / - : ' Thiclineaa rmriation on currenVaollage dime of 
^ PVAC rereale apace charge biiUidMUp* 

4« In low field reglise 0lsi*e law aeemi to he ralld in 

pure and iodine d^ped PVAc filme* 

S. 


At hi|^ field roliita the llntarity of cutrent witli 
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squ«« root of volttg® for puro and dopod fUisa 
ifidicatat Schottky ©r Poolo«Fr#iili©l ntehaniin* 

Blit th« Pool©»Fr«nk®l ntchanim ia eior© logical 
baeauaa cottparativaly tUlck m) fil«a have 
isaan used in in© invastigation. 

The aig»arl»iiital ' valua of PoalOi^'rafikal coafficiant 
ia eaiciiiatad to im vary lo«i in cenpariiim to ttia 
thaoratical valua* This coi^licatat tha intar^ 
pratation of currant-voltaga charactoriatiea in 
taaia of Pooia«JFranltol nactiMniiaB and ahewo a taa^ari 
tiira cH^aniNiiica wDich ia not proaidad in tha albi^la 
modal for Poola»Fronital maehanian* 

Tha-vaiiia of currant for pure and iodine doped 
filiia datarminad from. the CMnon intare^apt of ' 
currant vartut aguara root voltaga at various 
taagiaratifirat agraoi Mil with tiM vdiia dotominad 
from tha cowi^ intercept of currant voroua at 
varioua voitagaa* Thia atiowa that tha field «id 
tanparatura dapandanca of mohility in tha two types 
of filma can be daacrihad adaguataly accordifig to 
tho oquatioR t : 


p ■» {Ip oip t (•§•) (s” • ip*') 3 


The iliiivo aquation it tho pt^noMorioIofidail falati«a» 
•hi^ for hopping cond^tiM aa daaarlbad by lidiiv 
and Monttoli* 





CHAPTER IV 





4»l Xntiroiiiiet&«ti 


- I&mf kiiKlt of ;»olvn«r f polMfisoil in • 

high <l»e« flold at an alavatad tanfiaratiifa anti eoolatl in ttiat 

fiaitit haiia aaBd^anBrnAt eliairgaa n^iali axiat for many yaara 

at room tanparatura* Dapoiarixati^ eiirranta at romi tamiiaralAira 

ara fratpantiy too anail to l>a aaaiiy naaaitrad. To ineraaaa 

thanruma liuat ipaail iip tha tiapoiariaation procaaa l»y haating tha 

aiactrat w to or altoaa tha poiariiatioii taaparatiira* Tha anauing 

eiirxant haa haan eaiiao thamaily atlKulatad currant (TX) ainca 

it ia prothicaii hy haating without an axtaxfiai aaitafi^* • TX 

ia now gani^aiiy conai^irad aa ptttituiariy wali auitad to tha 

attidy of liiaiactric raiaxationa^^*^^* Thia ia nainiy hacmiaa 

thia tachnigtia ia eharactariaati hy a aary law aguivaiant fracfii«» 

niMPy iis to tha dialactric loaa Mthoil mtA conaaiiitafitly 

iaaiia to a hattar xaaoiuti«wi of tha Oiffarant raianatian 
ino 

protaaaaa* ♦ ■ 

Aa a aattar of factt tha a# f raiaxattoiia arialag 
f row tha cwifoiwationai wetiona of aain chain aofpMita anO iwm 
tha local wotiona of natn chain or alia graupa aacpactiyaly ara 
i^ra or laaa auparlapoaail at tha conaon aaaa ur a aan t fragiiaiiciaa 



Mtetianitn of tho Botlonii tho ditoroit or 

eontifiuout noturo of tli* potoibly •••ociatoi iiotritoiitiofi of 
roloxotion «id tlio phyticol tigiilfioMito of outli • 

liiotrUiiitioii'^^ * iiitli tlioio loot proliloait in viow, ttm TSC 
toohfil^o appooro oiao vory utofml* owing to ito oxeoptionoi 
obiiity for roaolving niiitieowpofioiit po^o by toetmigiito «i«ti 
«• thoxiaal eioonifig or parUoi poiorixotion^^^* 

A wi<io lltorotnro^®^*®* it oraliobio on TSC in 
poiyatro, tlio toohnigiio liao boon widoly 0004 in tbo atudy of 
trapping parmtora in iininooiont anil photo-^ontfuoting 
laatoriaia* Liiiy ot al^ in'ooatigatofi TSC in ayiar anil tofion* 
Sttipp aniS Carr^'^ auggoatoO mi i^a . origin for tiigli tanporaturo 
iSiatbargo ourronta in poiy aaryiio nitriio« Qiiiiiot m 4 Soytro^ 
eoffiaiiatoil a imtaiiod atiady of ^0 aonplox roiaxation noPoa 
obaorrod in poiy« 4 «|ireiino* Tabotfa oni Naito^^ atniioi tanpora- 
tiaro ahango of dioiottria aonatant of poiyatyrono nalng TSC 

iPiiliWIpiWi^ «# . i Mo Ml vwPllilil WilmrSiifI MPPw .IPiWII. ^ . . 

gataii by Porlnan^^ and tboao in oioatron boan irradiatod* 
Poiinora bavo boon inooatigatod by Soaaior^* Ong wid Tnmboot^*' 
bovo OMfitliidod in favour of tbo oniolonao of a tontinnoita dlatri» 
button of roiaxation ttooa* sooontiy alnUar oontinalona bavo 
boon infoxvod by f iatbor Mid omI mao^^ fran otodioa on 

oooonMy pooka poiyotliyiono paiyotbylano tMM^tbalato 
foapottivoiy« ctiaitan ot al^^^ iMaovot bavo foond In patyaddai 
that tha law tanpatatm# paaka aoiild ganaraiiy bo doi a npaaoi In 
loiforal lit aairalio mbvo omoooioo* 
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It Ha* baait by tbaoratical and by ^ 

that only In tha eaaa of a fl*at ardor klnattea 

do tbo Isc pooka octiw invariably at a fiiitd 
tMporatofo* Othomdlao tboir position is sliif ting in a Ohara- 
otoriatii way •ri'tti ohanging initial pol«ritation* In tho oast 
of a apaoo ohargo roloaaot for osaipiot tho aaxirai toaporatiiro 
ii ineroaatng vith polarlaation toofMiratixro and poiarislAg ' 
tiao. Th«a poak position data for varying polarisation condi- 
tisffis allow ono to docido in partiottlar wliotlior a poak is duo 
to a first ardor dspolarisation ptotosa o»f» eoaplor roorionto- 
tion or to tho roloaoo of a ipaco ahargo* 

TSC of polar natorlala^^ shows sovtaral banda or 
poaks* This indioatoa that tho dopolarisatiiMi ia roalitod by 
sovorai difforont proeosaos* IWo siMh pioooaaos aro wall knownt 

tho foiaxation of alignod dipoloa «id tho roiaxation of a apaoo 

■ 

ohMipi ciMMid by nobilo oarriora acotaBMlatod at tho oiootrodoa* 

Sut thoro aro atill othor proaosooa whiidi taiiao TSC pooka and 
havo not yot boon idontifiod* It ia ono of tho fondioittal I 

probloMO of any TSC invoatigatlon to xolato tho obowrvod poaka 
to apooifia dapolarisatiiwi^psoMaaoa* TSC poak mf bo ohaswitori- 
sod by tim naxini poaitionai tho nagnitiida of tho poak and tha 
alopo of Initial riao of tha poak* Tha nagnitiida ^ tha poak ia 
ovofitiioliy 0 nooaato of tho nmbor of dofooto aonoini tho 
polaritotioii* Tho dotMniinoti^ of oatiyatlon io a dollaala-^' ' 
taak if tha paaka ovMridp too Misht poaalbiy no aftoiidiistiil oalot 
•an it ibtainad at aU« of paak pooition m Mtial 




|iol«irit«tiQfi ptmitSHiM infomstien m tlm fltpelaritatiofi 

TSC 9pmtx» mt9 tmiqu# to tht raatoYloI 
Ttioy 9X9 fin^ot .prints of ihxm sn^ art sontitivo to iMpitrititii 
s<Mitivos> OiitlisritSi husiiity to any ehwsioal or imrplio* 
iofioai olianpat Thoir proviOt a mmltim anaiytieai 'tool that 
couid ho oiod to Qiiido tho prodtiotion of notorial a with fiiiod 
oloetrical proportioa* TSC is an olootrical spootrosoopy and 
havo praetioai ag^ilioation. to oloetrieal quality control* 
Hocontly iovoral worfcors^^*^^ havo usod TSC ' tocimicpo to 
invostigato changos - psoducod in polyiMrs duo to doping of than 
with suitohlo tapuritios* Gupta and tyi^i^^ doped polyvinyl 
fluorido wil^ rhoitainof alisarino« diehlerofluorooeoin Mid 
iodino and utilisod TSC to find out tho ehangos produced hy 
doping* Srivastava at al havo roportod rolaxation paraaotors hy 
doping polystyrono with eoppor»phthalocyMiliiOt forrocono* 
anthraconOf pyrono» iodino and ehloranil^^* 

Mohondru ot al^^ havo roportod TSC in PVAs filao* 
They ohsorvod throo TSC po^s at SS» US and and studiod 

tho offoot of film thi^moss on TSC apootra of l»VA«« iS^ poifc 
was found to grow slightly with thiohnoss* Tho aassiitiido of 
lld^C peak was <dboorvtd to Inoroaao with fila thioluftooa and 
Ifi^c raiMiinod uniidfltiiNMitd with tho thiaknoao* Total ohasfo 
undor all tho throo poaha grow llnoarly with tho.fUn thlafcii^ 
whioh lad than to oaoNilwdo wnifoaw volwoa polariaation In fVha* 
iffott ^ iodino depIng an tWSi apootra of Who hao hoon 
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coii*icJ«ir«ci by 

Tbti ehi^t®** reports TSC in pVAc filets by varyinf 
poiifig tsiBporatyr®, bias voltage, fila thickness, electreife 
nteterisl end heating rat# and investigates the effect of iodine 
doping on TSC ^ectra of PVAc, 


4,2 Theory 


The instantaneous polarixation of a sac^ple which 
has an initial polarixation P» can be expressed as 


Belaxation tl«e 'p is expressed in texsie of an activation 
energy H ae 


when the empie ie heated at a. rate ef p 

tiffieoue vaiiie ef depolarisetiMi ciarrent ia given by^^ 


idiioh sliesfi a mmtdmm at a teetperature % given by 


The lew tenp^eteve tell ef fSC eiervee ean tw iwm 




a-10 pm THICK POLED AT 30°c 
b--20 |J^ THICK POLED AT 30°c 
c-30pm THICK POLED AT sd'c 
d-20Lmi thick POLED at 


10/T(K) 


INITIALRISE PLOT FORj 

first peak of curve b 
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temperate 

F ia. 4 ■ 1 -T S C SPECTRA OF PV . 









m Con «t ant 


TImi total eh«rf® xoloaaad duririf Haatlng la ai¥an by 


Activation tnorgy H can b® calculatoil fit» th® mmll&g plot of 
J (T) v®f®ut (Initial rlt® o«thoii of Garlick and Gibion®^^) 
at given in oquatiofi (4«5)« Ttio folavatton tint® can bo calcii* 
latod fjroii oguationt (4*2) and {4«3)» on® may cbocli wliatliot any 
particular •apociffiontal peak agrooa witli tli® tboory by ^ 
folloiwing oguation* 


Currant 


I (7) ia dotoMinad aaparla^ntally uaing aguatian (4»7)« Froai 
aguation (4*2) a plot lag '^5?' varawa ifc' 
atraigbt lino if an unifom procaaa ia oparativa^^* Tlia daiMi 
and Intarcapt of tbia lint alae aarva to datamina H and 


4*2 Baawlta 


Pig 4*1 aliowa tlia TSC ipattra at 10# SO and 10 in 
tldak f>¥A« filaa* Dia figiiia doa addbita dia affatt d patlaii 



I 



on TSC Tho emrvto «, t> and c •»« tho TSC 

apoctara of filaa of varioiit thicknoaiot oolod at lo®c by 
4*S liV caT^* *010 apootra oonaist of two ptaiia* Th# fifot poali 
©ociijpi at 4i®C ifhUo th# aoeond p«alc airitta at S^. Th#»# &a 
no of fact of thlaknaaa on 4»®C p@alc whila 83®C p%tk wl*m with 
tha incE^raata in fijyn thicknaat* Th# poaitiona of tha paaka 
raffiain unaita^ad with tha ehanga in fiia thicknaaa* Tha aiirva 
d of f if 4«i ia tha TSC apactra of 30 iin thick f iia obtainad by 
poling tha fila at 45®C* A eoapariton of cisrva b with cmrva d 
jrawaali that aa 'tha poling tanparatujra ia incraaaadf tha 4i®c 
paak looMa ita dafiiiitioii* whan tha film ia polad at 4S®Ct tha 
low taapaaatura paiA baccRta a ahooldat* tha high taapaaotora 
pack ia ahif tad to a higher tas^aratiura with tha incraaaa In 
poling taaparatiita wtd occura at 87®C whan tha f iln ia polad at 
4b®C« Iha intanaity of tha high taaparatiira peak ia alao ineraa* 
aad doa to inaraaaa in poling tanparattira* tha inaarl in fig 4«1 
ia tha initial riaa plot®^^ of 4»®C paak of aorya b* tha aati» 
yation anargy of tha procaaa raaponaibla for 4»®C paak ia 
talciilatad to bo 0*33 aV« 

tho offoat of aioatrot fming f ioid on tiC ifNWtra 
of FVAc filna waa inyaatigatad at a poiini toh^aratara of «©«€• 
FilBi of 30 ihi thitknoaa wart polad by a yoltago la tha tango 
l.t « 90 V* tha TSC thaa«oirana aia ahown in fig 4*t* All tho 
thotnograna aanaiat of a paak which ariat at 1C»% ttfoapattlfo 
of biaaing yoltaga# Inaroaaa in yoltaga a«iiai tha tan^otnto 
nhairt tha fSC Mida to ahift ta a highar t«apara^MNi» thia ahana 
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that tli« i« mhmm4 4m %& inert * m in 

bitting ¥Oit*0*« Th« int«iititf ®f the i»«ak it ait* aagnifiatl 
with tha ineraaaa in biat voitagt. Th* chaag# raiaaaaji tfuaing 
tha (dNipaiajciiation waa aatiaatad by intagaating tha curiant 
vej?*«a tiiaa ctiirva* Paait currant *n<J eharga raiaaaad h*¥* baan 
plnttad against alactrat farming fiaiiS in fig 4,3* Paak ctirrant 
.at wail aa tha charge ralaatail ineraaca iinaarly with fiaid 
igsta about 4,S kV cr*^ hayonO which thay aihibit atrong aatura* 
tion affact. Fig 4,4 it aa4a of initial riaa platc^^ corraa- 
pending to tha TSC apaetra of fig 4,2, tha valuta of tha 
activation anargiaa art liatad in t^la 4,1 • 

JLfi&Jytanibihllk 

Activation anargy of PVAc for various bias voltagaa 


Siaa Voltaga (V) 
Activation 


0*Sb 0,60 0,62 


0,6b 


0,66 


T^la 4,1 aiueidataa an incraaaa in activation anargy with tha 
ineroata in biaaing voltoi^ but this inctoata in activation 
anargy with voltaga it larger initiaiiy than iattar on. 

Fig 4,6 orhlbita tha affaat of filn thicknoaa on 
TSC apoctra of PVAc. Tha fiina wait poiad at 60»C by 4,» l£V 
Xncyaasa in fiin thiefciMoa anhmaa tha paidi ouinont and chifta 
tha pabk to occinr ot a lowar tonporatmo, tha ta^poiatiwo whm 
tha TSC vaniahta it alaa Ml tad to o iowtt iMposa^no wi^ the 
incsooio in f ite .thi^iioaa* At a thialmoao of m ibi ^ 

















mim* «t i05®C. It occur® at lOoH for 20 {i^ thick fllji 
(fig 4,2) whllo at ta^C for 30 p® thick fllia, Raiaaaail charge 
varcua fiitt ttiickneac haa haan plottad in fig 4*4. The plot la 
•aaii to ha a atraight litia plot ahoadng an ineraaaa in charge 
relaaied with the 111® thicknata hut the atraight line doaa not 
paaa through the origin* 

Electfoiie eeterlal effaet on ISC spectre of PVAc 
waa atudied hy poling 2D m thick fii®a at lOO^ hy 4,9 kV c®*^< 
Tha fiiwa grown on 41* Ph* Qui* Sn and Me aiiittratee iware 
Mpployed for tho purpoao. The TSC opectre ere ehewn in fig 4,7, 
The initial riae plota^^ corratpoadlng to tha TSC 
fig 4,7 haya been aide in fig 4,i, The TM: . pereaetere ere giaen 
in tehie 4«2, 


TSC Pareaetere ef PVAc filaa in contect MIM1 different aefla 
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%nw cn^fe ill p«tlc «iirr#nt» 

p^aSt ehargt r»ltaa»df activation antr^y and tha 

twaratura whaara tha TSC anda m chan^ail, Maxinin poiaritati^ 
in PVAo can l»a achiavad by aontactinf tba film witb C«. 

Ef f act 0 # baatinf rata on TSC apactra of PVAc it 
iiiuatratad in fig 4^9 1 ttia fiist wara poiad at 60®C by 4»5 ItV cii' 
and mr 0 diacharo^d by batting thaa at a imifom rataa of 0*08 1 
O.lt and 0#30 Ka*^. Fig 4,g ihowa tha igiactra obtainad at O.i? 
^and 0«30 Ka*^ abilt fig 4*2 abowa tba caiO'^aarvad at 0*08 jCa'*^ . 
baating rata* tncraaaa in baating rata abifta tba apactra towarda 
tba bigbar taaparatiira aiihi of - tba apactna*: Parts currant it 
anbanc ad with tba incraaaa in baating rata and tba .parti ariaaa- ■ 
at a bigbar taaptratura wban tba aiaetrat ia baatad at a bigbar 
baating rata* Tba initial riaa of tba currant raaalna uninflti* 
anead with tba cbanga in baating rata* Tba xaculta ara tabulatad 
in table 4*3* ' : 


Peak Parts Cbarga Attiration Tinp«ratura 

tai^iaratiixa currant xalaaaad anaigy wbara T8C 







OF UNPOUO IODINE 








PEAK CURRENT 









Charf# atability is •nhanetd with th* Incraata In haatiiif rata. 
Th» charga roiaatad anil tha aetivatian anargy ranaiii aJLimat tha 
aana with tha ahanga in haating rata. 

Priar to thaiiiioaiaatrie f>aiaritatian» iodina ihipad . 
PVAc filial wara fount} to giva TSC whila no auch TSC waa Obaarfad 
in pwra PVAc film. Fig 4«|0 ahowa tha TSC apactra of tmpolad 
iodiiia dapad PVAc f iliaa incoiporatiiig iodina in tha concantratlon 
xanga 2.S • So gl*^. Tha apaetra of tha fil» dopad at 2.» gl*^ 
of iodina axhihita a currant uaaiaia at SO^C. Aa tha dopant 
concantration ia incraaaadt tha intanaity of tha currant uaxlaui 
it anhanead follimad hy a alight ahift in tha paidi tanparatura 
towards tha lower tanparatura ai^ of tha apaetruM* Paak currant 
hat haan plotted againat iodina concentration in fig 4*li* Tha 
plot it toon to ho a straight line upto about 2b gl**^ boyond 
which a aart of aaturation ia mm* Ta atudy affect of 
tharKoalactric poiaritation on iodino doped PVA^ f iiatt M 
fil»a doped at 2»bt iO# 2D and 90 gi*^ war# at 100^ by 

4«9 kV ciT^* Tha TSC spectra obtainad are rtioam in fig 4»i2» 

A conpariaon of TSC apoctra of undopod and dapod PVM filna 
under identical thaia»alactrie hiatory layaala that Ait to 
doping of tho poiynor with iodino, tho poak currant ic citfiMiiod 
gractiy and tha paak tanparatura ia ahiftad to a lawar ta«p«ta» 
tian. Th. pttk wIm* •« too, 9», 90, >T tM M*C laiMtUMIr 
fwf putt tM 9,9, to, SO and SO IwIlM filM# IS. 
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labit 4.4 


Aetiv«ti«m ©ntrgy CtV} 


1.24 


1.12 0.91 o.rr 


Th# tetiiratioii ©©©rgy ©f pii.i« PVAe It liic»«tt#<l 
©lit to doping of tho oatjrii witit iodiiM tiid wltli ttio inerooto in 
iodino lo«diit9't tho tctiyation tiwKrgy it ^lotood. 


4«4 Oltcuttion 

Appliettion of tloetrie fiold olwtyt producot • 
•Atll ttovonont of clitfQtt within tht ttoat of ■ i^lot^iot 
ditplooing tht nofotiwt oloftrofiie tloud roittivo to tho pooitivo 
miolout ond thoo toopoearily gonoroting • «o*li dliiolo Moitoiit ; 
«id « «onoof|iioiit. otosif ot dofmttiim polieriioti^# 
ocouro within oopf iiioft tlMo# itt tint toolo 9m not ho 
ixm outtido* Thiit itt inflooiii^ on tho povoittoat poltfiiotioii 
of tho olootfot otn ho dimgtodod. MMiy dloloottioot intltidifif 
polyaortf oimtoia aolooolot that htwo on olottvi* Mnont* An 
nppiiod fiold tondMi to align thoto olonoataur <hhN4oo aioni itt 
mm ditootion tm that p»o<hitot an oiootoio nonont of tho «Mlo 
ho# fiwiiif jriit to dipolo polarisotionf oaoontiollf o tolnot 
offoot* 

AH dioiootoioa oontain o mU mahot of fiMO 
•hoigo OMtIm* tout on olootfona mt both* An Hooloto flotd 










t 9 fid» to ttpairatt . fire® ehaYQte and t© »«©• 

tliaa toward tt» oloetrod#* Hit itiUMetiiro of nony polyntro ti 
not ho«Q90fioou»» thtfo oiiot nicrotc^ie donolns or'froifit 
•opiratod iiy hiftiiy roolttivo IntovfMoa* In mm tlio 
ehargo eorrioro con raevt rolotlvoly fmly only within oindlo 
grointf piling m along tho horritrt which thoy oro itnoiilo to 
iuxcioiint 00 they lock tho noctoiory tnoigy. Altomotivolyi whon 
tho dioloctrie contoini «ony irrogulotly diotrUiiitod tripo with 
wiiltly dif foront well doptho* earrioro night mem in tho 
diroction of tho fiold until thoy fall into doop trapa twm 
idiich thoy do not hoot onough onorgy to oatapo tmloas roaotivatod 
hy a tonporatm^ inaroaao* Both thoao mtoifacial polaviaation 
offocta eonatitiita again a woluno polariaation* 

Ionic cmihieti^ eunranta In honogonooua dioloetriea 
uMially load':to tho f^rnation of -^aoo chatgo elouda in tho 
oloctrodi YOf iCHia* Tho of fact roatilta In a ■acro^opic apaoo 
chavgo polariaation of tho dioloctrii* 

Iho aoetnrooa of tho intotnal polavication doooriliod 
00 far hovo boon ohatgoa originattng fto® thd toiMtJiiiif within 
tho diolootric» twt a polariaation tan alao ha aauaod hy tho 
dopoaition or inloction of ohargo carriara twm ootaida* Oapo* 
aition of oguai and appoaita ahwrgoa m oppoaing CMvfatoa ei a 
dtoioftric pvoduaaa an oatamal poiariaatlon* Hi# diottnotlon 
hotwoon Intotnal and oatotnal polariaation la dot to hlkiio***# 
Chufoa tan alao ho ahot into tho dioiottrio oalng ponotrntlMi 
olottiwa htiiui. toth oiottron thaigod f^iootrioa now oto otoo' ' 



$ yitih*!’ Ihq## ut® ©f t#yiitit 

Hit ^gyt© of p©Jltrii«ti©n ©iip it© y©t© ©f «s«c©y 
ctoppiKl ©B III© fiitttr© of th© iii©i«ctiri« ©n© tli© ©ipsyinoAtai 
e©niiti©fi©i ifi p«rticiii«r th© t^©yatiii«, A ©ii©t©©trle &©•©««• 

All ©lACtypt i»h©ii th© y©t© ©f mmf can b© •t©«f©il dowfi i© iiiii«li 
that © ©t^nificaiit f»©«t4©« ©f th© fiaid indiae©© polMrii©ti©n , 
it py©©©»v©d long ©ft©y tim poloyiting tUl4 ha© t>©©n y©iii©v©il. 

I^©1© ©rlontatlon i© ©trongly l©np©y©tui« <l©p©nc!©ntf 
©t high t©aip«y«tuy© th© fete©© ©ppoaiiif yotatlon ©r© l©©©©fi©d« 
Thu© • high dtgt©© of p©l©irii©ti©ii can h© •©hi©ir©il JUt © ©hoyt 
tlia© hy ©pplliation of ©n ©lattyie fiald ©t © high t©ai>©y«tuf©« 

If th© :<ll©l©ttyi© I© coolod and th© fi©ld y«nov©d only ©ft©y • 
low towioyatuy© ha© ©sain Innui ©©©©had* diMil©© afotaum to th© 
original : dl©©td©t©<i . ©tat© ' ©oty ©lonly hocaua© rotation i©. 
hindortd hy ©trong vi©«ou© fw©©©* Th© pol«rit«tion i© thu© 
froion»in* A ©inilar ti©h«vioiir i© found in th© ««©• of apao© 
©hari^ and int©rf©6i«l polariaation. Th© nobility of ©hiorg© 
t«tri«r© i© v©ry Ion ©t toon tanp^ratwa©# hut in«f©«©©© ©trengly 
with t©n|i©r©tur©* Thu© th© pr©yiou© ©©©toning ©ppli©© h©!© t©©* 
Spmit ©hiff© ©loud© ©nd tli«rg©© MwnilAttd ©long int©rf©©©© 

««n h© f]roa©n»la« 

All typ©© of innumtl poloritation ImA to ©urf©©© 
thMiHi© uhioh h«u© th© ©ppoiit© p©l©rity to th©t of th© •©•itt» 
pondying polatiiiing ©Itottodi©* Tti©r©fof© h©t«rotharg© fotnation 
•hiuld h©* and i©t • ntty gintral ©fftot* Eruty mmmm 4i th© 
liMMPiail pfiiaritnliiiii du© to tot©tt©n ©f dlp©i©i m *t^«h|niti«i 
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of iolii withifi ttit iloltttric fr««t laagt 9hmt§tt§ flm 

back thjrot^ tha axttffial ciyotiit whata a iiathat^ aaxjraiit it 
yacor^^t Mtldgotiilf airayy inttaata ©f polayltatian f iaaa a 
chaff iiif cijHPiawt* Ihatafoi* halio-ap and diaalpaticii ©f lutaifial 
poiafitatlon can ha inwatifatai hf Mana of toitant •aaturaiaafit# 
Oiftafit paaki ata Ohaayaail at tmpayattifaa whata C^la ©fianta* 
tion or eazyiat talaaaa fxcai tfi^ia la activatad* 

tha. pfocaaaaa t^ciiif pl^a dutiiif diaehaxfa ara 
alnilar to thoaa ©cci^fljtf duflng chaffiiif. Gaiiaraiiy apaakinf# 
thay only bahaya in an appaaita way* Tha nat chaff© of an 
alactjrat yaiiaiiy aficaa twm aiiynod dlpaiaa and apaca chafgaa* 
Tha iattar aft axtaaa thaffca which cauaa tha aiaot:rat to ha not 
iacaiiy nautrai* Hawavaf# hafaxa tha alactfat fanaatimi Vim 
nautrai paiyawf aifaady CMitainad fyaa chaffaif thay wwiifaat 
thanaaivaa in a caniitittian ciirfant whan a flald ia ai>piiad* So 
in addition to ^ axaaaa ehaifai that# ata fxaa aqiiilihflMB 
chaffaa in tha alactvat* Thaaa da nat cantrlhtita to ita nat 
chaff©* hut aca foapanalhla fax ita ^nlc condtattlwity* In 
hatofoaiactfata tha aitaaa chaffaa ata Intfinaic and hlnaiaf* 
Thay arifinata ftan thaaa chaffaa that firat taka paft In 
canductian and wata micmailatad nawr tha aiactfadaa diifinf 
f axnaUifi. Ihia field natian ia appoaad hy diffiiaian* mmmmw 
dafinf thaif tfanapatt a part of tha chatfaa ia loot hf tacaiiii^ 
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otwiie coiMUetiiHt. TImi first |»¥ 0€««8 wlii !»• titsYt ttis ttissail : 
agitation mill roofiont tho aiignod dipoioi at randoai* Hit 
motion of axotaa chargoa originatot ftm apaoo cliargo limitod 
drift and diffuaion* Tha first m»tion is dso to mo local 
aloetric f iolds forcing tho mohilitod sxcoss chargos to drift 
toorards opposite ehargsa* whirs hy oioctric noutrality is 
rostorod* Hit sxcoss chargos will oyontitaily rocomhino oithor 
with thoir oppOMd imago chargos or. with opposito oxcoss chargos 
within tho polynor* hhichoror is tho casot thoir ^ss motion 
should fonorato a diochargo cisrront ;epposod to tho charging 
curswwit^^* 

Tho tooporaturo dopondonco. of tho dlpolo roorioiita* 
tion can ho differed from tho motion of oxcoss chargos* Tho 
latter will conform closoly to that of ohmic conductionf from 
which tho chatgoa ^tan originalo* In particuiart wa maf oi^act 
tha currant maxima' for dipoit rooriontation to occur at iowor 
tcmparatttfo than that of tho oxcooa chargo motion* tlw firat 
proctaa reguitti aniy a rotaticoiai motion of molotular groupa* 
whoroaa tha lattar proctaa invoiwaa a motion of molotular groupa 
Clone) over nacrooccpic diatanaaa* Tha actiwation energy pro* 
dictod thooroticaiiy hy Roddioh^ for tho rolaxatlon prococa 
roauiting fron tho local twiating of tha nain chain or the 
orientation of tho aido groupa in a poiynor it ahout 0*1 4^* 
Conaldaring tho waluo 0*11 dV of acmyotlon onwpgy ohtoinod for 
4idc pooh «nd tho chotrwoUon that tho mognitmio of thia ptift 
doot not dspond upon film thiclintoi (fig 4*1)* lolwittlih 



pwmm* ••mlatti utak it tht orltntatiofi of tho 

•idft gtm>9 tfifl or loetl Utlitiiig of tho »tiii cHoln* It it 
dif f iewlt# lioi»«iPtt» to difforoatitto wliotlior tht lti» tti^trttiirt 
rtiaxtiion In PVAo it ihxi to tho lootl twittifi 9 of tho Ktin 
ehtin only or it it tlto do# to tho notiofi of tho tidt ©roopt 
in tho pelyntr ohtiii* ' 

hlMii PVAe filn it poltd it tho low tteporaturo 

noth lotto itt dofinition and only a tinglt ptidc at 100^ it 
ohttrvtd in tht thtnioQraB* Iht dipolar oontrlhutioit taltulattd 
froei Dahty*t aquation dott not rtapond to tho hi«h talut of 
oharft rtltattd* To atoount for tht tharft rtltattd prohdhly tht 
ditplaooiatnt of thtrqtt durino polariiation with thtir M^ttip^ 
trappind it alto rttpontihlt^^* ihaxftt nay alto ht injottod 
fxm oltotrodta into tht polyntr fil»« It it only at toaporaturtt 
abovt tht glatt tranaition of tho polyntr that tho aoltciilar 
ehaint art ttifficitntly agitatod to xtltatt tho ohargtt atorod 
in thin* Cem>aratittly high oomhiotivity way aliw play a rolt 
hart* 


4*4 (a) Fitld Oip^idtnot of Polariaatioii 


Sy tatyifig oltttrio fioldt on# nay diatiiigid^ali 
htltittn dipolar ptaiit and ipatt thargo poaka^^* Iho fotiMdr 
inarooia lintarly with fioldt tht lattar rnmimmXf* Ummmmw 
tho datiationo iwm llnoatity wiU wot ho ttty largot PmM 
•mtont aMtihooga loloaatd yary liaootly with appilod tiold 
iplM 4 * 011 % 4«i kV aid thtfi thty tihihit aa^nratiwi nAtli 






fl«id (fig 4»3)<, Inetnatt in biaslim voitagn hat an affact a# 
ificjraaiing tha aeUvation anasfy (ti^la 4,1). Thaiw yaaulta 
thaw that ^a paak ariaat itua ta dif^lacMiant of charpaa 
through itieroacopia diatanoat, Oarton and aoh^oiigh^^ haaa 
•uggaatad that in mm dialactric MchMiiiHii chairgaa •uffar 
mieroacopie diaplaatatania ^ing polar itation and baeoma tir^»pacl 
whan tha apaciiaan la haatadf thaaa ohargaa ara ralaaaad and 
raoapttirad, Thia proeaaa thowa a alailar fiald dapandanca to 
that pradictad for dipolar notion, Tha aaliia of activation 
anargy ia cloaa to tha valtiaa axpactad on tha baaia of ionic 
traps , 


4,4 (b) Taaparatura GapandMiia of Polaritotioa 


By varying tha poiing taaiparatiirai mw can dataet 
that a hataroaiactrat containa a diatributad dipola poiariiation 
or fM>t« For a aingia dipala ralavatiiHi euwmt it loanarad aa 
poling tonporatiivo io io«iOiod« but tho position of It# nonlna 
will ronain tha ansMi, For a diatrlbMtad pelaritation amsiMi wUl 
«iift^* mm poling tmpmftmi it low, only tho foat Mb* 
poloritationa arUl bo fillod and tho TIC will bo awt off on tho 
high tanporaturo aida# bocauat of tha iMactivatad alow polariaa-* 
tiena* Iduai pollim tanporatura la raiaad aiofo 
«rt activatad and tho awnrant naxina will riaa wad alniiltaiioiiiily 
•hift to a htghor tanpataturt* «ha« aU tha 
art fillod tho owraront wirtea appaar at tha tranoition 



For honooloctroti poliiif toi 9 »trtturt sialfily 
influoncos th® ponotration of ih* injioetoit ea*ri®ra®^®. 
p®n®trati«»i ^btptti it liief®at®<l witli tiMi inetoat® In l^tportiyr®*. 
By changing th® poiarity of injoction voitag®* l^•gati®• or 
poaitlv® earri®rt can ht inj®et»d ithieh cwn tiav® diff®r®nt 
cjbrift »ol»iliti®i« rotrai^iim ami r®ecMi>ination rat«a» Otcay of 
poaitiv® carri®rt it fatt®r than nogatio® carriort. Oniy th# 
ntgativ® earri®rt»and not tha poaitiv® mi® a oan h® inj acted at 
roon t®np®rattir®» Thia ®id(®a it iikoly that •lactrona contrihoto 
aignificantiy in a n®gativ® injoction* At %m t®ap®ratur® th® 
eondtictivity ia io® and th® f®«®r carriora ar® avaiiahi® to 
8ecuMtiiat®» thii noakana th® apac® chatg® p«idi* It ito poaition 
ia not chaiifod it immi® that th® eanriara ar® not trapped at 
different onorgy i®v®ia« 

PVAc fUji ia poi®d at tno TSC paaha at 

45 and 83^ ar® ohtainod* Im p®ak jolna with th® 

high taaparatiir® p®alt whan th® filn ia poied at 49dc,. For peiJng 
tapparatinr®® 80 and 100^* th® p®ak ariaaa at iOO and 10540 
r®ip«ttiy®ly* Th® poaition of th® p®ak ahift® «i^ poilJig 
tanparatiir® and thia ahift in peak tanperataa® with poling 
t«i|>®»atiir® aatiaratoa* th® vatu®® of aativatian •norgy for poling 
tanporatiii®® 80 Mid 100®C ar® •ot«tiiat®d to h® 0#8t and 1*14 ov 
roapootiMiiy* Uni® acUyatiin •norgy inar^Moa with th® iMUWOio 
in polinf tonpotatoro# Thi®: fact# aenfeinad with tha nagnitodi ^ 
aativation anatgy aaaoiiatad wi^ tha ptafc* iaada to oonoiiidt , 
that tho ttapplng aito itaaif ia haing daat»afo8 dhia to inmaaod 
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4*4 Cc) ‘iniiicitfittst Di|i®iiclinc® of Polariii'tioii 

QiajTfe ¥«l.eat«cl Is dPs®rira<i to Inertast with th® 
t!iiekii«tt (fig 4*4)* This is m hseause thieksr fil® sceumiiatas 
lapses chasg»« A mifem voiw® polarisation iooisa to bo 
oporatiwo* Hewovor, tho poak position it altoroii with th# ehan^o 
in fi^ thioknois. For thiekor fila tho poak ariaoa at a lowor 
tonporaturo* 


4,4 (d) Eloctroilo Matoriai Effoot 


Variatiofi in olootroilo aatorial oahibita pro)iioiifico4 
ehangoa tsc apoetra of PVAc filna, (Hg 4*7 and tablo 4*2)* 
HM^blar po^s roaain iaiiAfliion«o4 by tUm ohoioo of olootroOo | 
aatorial^^ whieh it contrary to tho proaont ^toroation tulinf j 
oyt dipolo rooriontatiofi* tho intorprotation of dopolaritation I 

^.^HiiiL wHb As .aifci. " 'HiW' itfib it^'Slak ste^lbia. H' dkLik ' mos A M Ibka w <aaik ' M mmt. ■ At jiik. ' jORktAP' ^aMteliiik.' Mk lam iniBiii 'Tiirti M ■ 

ippNiiii't 1# lA x9iiiwitiMpi>y sn wns 

of a apaoo ehargo biiilt»i|i duo to carriora injottod fton tho 
olootrodoa* Tho oharpot art injoctod fron tho olootrodoa into 
tho polynor fila and aro than trappod* It ia only ot tonporatiirta 
idiovo tho 9 laao»tranaition of FVM that tho noloaiiiMr ahatoa 
aro miffioiontly agitatod to roloaao tho ohaipoa* Tho anount 
and tho sign of ohargo injootod dopond on tho solativo wost 
ftmation of tho notalMpolynor intoifaio* Tho oasiona •atat»poi|iMr^ 
.intttrfaoaa poaaaaa diffarwit chargo oaahimga tataa liiiah ahango 
tha apaaa ahatga atoraga and ^ «asfant talaaaad by ihurfiMian* 

Tha first stags of ahasgii^ ia aairiat iplaatian and lha ssmmI 








ipilK 


is Mf hsi*, ths tostt efisi^ hat t© hs stistas4 In a shiirtsr tias* 
It is mlf ths initial alspa trhich ssoaljia tha •©«©• Ommt 
naxiias varist aiaoat pYOportisiially t© ths hsating rats* At ths 
anas tiiM it ihifta to • highsx tsaiiSYatass hssauas ths palyaisir 
YS^ianila itaa ipiakiy ts a highsv hsating tats. 0ns tan caleulats 
aativatisn snstgy by noting ths shift in psak position with 
varying hsating rats# ths sspiation (4*4) can bs rswrittsn in ths 
f om s 


Constant 


In fig 4*14t log has bsso piotts4 sgainat I0*/Iis* tha plot 
is a straight lino* ths valiis of activation snoify is oalciilatoi 
to bo o.ta sV. this vaiiMi 40SS not agroo with tha vaiwo iatatw 
sdnoO fxosi initial tiaa Batho4* 


4.4 Cf ) mgioliNl TSC iwm laiSina Dspail PiJ»M 

on haaUngf viffiii Mina Ospatl fUna yovoal a 
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tmmnt mmim fiooc (fig 4ao). Timihout*®^ ha* obttmii 
this tffttct in and litt aapJlaiiind that tha f>aak 

ocoura dtia t© th© thtxnat dlaaipatlan ©f th© ©o ©aii©ci amiiiding 
eharg©© eiwatad duringi th© fil© pr©|»arati©n« Such a prahaatiiif 
ia n«c©aaaiY to xmmvn th© atiray chaYgaa which ©ii^it ©ff©ct 
TSC thaiwograiia. lAgioiad FVAc fUtaa d© not give any TSC on 
hoating b©fo3r« th©»ao©l©ct»t« tfoatnciit* Put© ©a w©H aa th© ’ 
d^od fitaa ha©« h©©ii pv^acad by th© ©an© ; tachnitfu©* H©ne« th© 
TSC do©© not occur dht© .to ©oulding charg©a« s©v©ral work©ra^® 
haw© pointad out fonaation of eharpi trani^or (CT) toBa»i©ii©a duo 
to doping of poly»©ra with iodinot R©c©ntiy Tiwari ©t ai*^ 
raport loipoiod TSC in poiyatyiafi© by doping it with iodin©* 
lodin© forna CT acnpioioa with PVAe and ao th© doped f iJUia giw© 
TSC prior to thofn^ioctric poiarication* Thia vi©w ia aiao 
el©ar bocaua© pur© PVAc filna do not giv© any TSC on hooting* 
Moro laid ©ora CT conpi©iito ac© foinad do© to incrooao in iodin© 
eoncantratlon* Conaaguantiy p©ak ©mrront incrooooo with ioddnt 
cone©ntration (fig 4«ii)« 

4*4 (f ) £ffa«t of Coping on Poiaritation 

Fig 4*ia oahibita tha offoot of iodint ioodtng on 
TSC gooitra of FVM fMiaa. Cut to dhipii^ tho intonoity of 
cusfont wailaia it groatiy aiodifiod botouM iodino fo*ai CT 
•owpioaoa witli th© poiywwf* Th© pratan©© of iodiii© fa©ilitot©o 
poiiwit tholn notion and honao tho TSC poidi ©ooiHri at a iinat ^ 
tanpatatwaa* lodtna ataataa now trwlng aitaa and tho dapad 
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mT^ tpae* %«e« ehatg* p«iAt mm inti* 

isattly to conitiactlen mietiiMiiSB* Tlit tHoifOt Moy lio 

•JILoetiroiiie or ionic ond mxf ocifinato iwm diotociotioii of 
Inpiwity iBOioctiio* Fo» tpoet chasfo poiMtitotioii thort imot l»t 
ofto typo of cltifgti havinQ ^Hifliot earciox aiobiiity* Xiieroaat 
in iedifio eoncontration onhaneoa poat cunofit and diminianaa 
aetiyation anoiw Ctatoia 4*4) • Dacyoaao io activation onoxfy 

mm ^ 

nay bo aaaociatad with tho lyticroaao in canriov mobility' • 




4*S Concluaiona 

TSC atody of putt and iodino doped filma onabloa 
to dram tho foUowing conciuaiona* 


( 1 ) 


CSl) 


m 


C4) 


Ttio low' tooporataro rolatatioii of 4S®C in PV^ 
oeetara dot !©■ , ©riontation of tlio aid© groppa «id 
or local twiatiny of tho main chain* It loooa 
ita definition imdor certain c^iUona of polar!* 
satioii* 

Field and thicluieaa dapondanto of polariaatlon 
reveal onlfowi proceaa to .he operative f«t lii#i 
toaperatiire tolacation of PVAt* 

aiift in peat poaition with poling toma^ctiifa 
ihoiia ^t the charfoa ate trapped at varlooi 
trip dapldia* 

Mattod oioatrodi dopendei^o of TSC ipoatra oiAlbitt 
tiitiot ihloctian atahan4«» 


I i 

1 

1 


m 









Tht YViuiit by varying tli# halting rata 

do not favour diftoia raoriantation machaaiiaii* 

Unpoiad tSC tmm iodlna ^ad filao ia attriliiitad 
to tha fomatian of CT eoe^iaxai dua to doping of 
tha poiynar with iodina* 

Dapandanca of polar iiatiim on iodina aonoantration. 
and tha daoraaaa in aotivatian anargy with iPMsraaaing 
iodina loading indieata that oarriar Mobility it 
graatly aidiancad dua to iapra^pwition of tiui «atrii 


with iodina* 



CHAPTER V 










tiwi iiluraiitaticm ftaJifili tiMi tiiiaiiiary iNii* ®i inOltct* 
ifi9 any chadrgftt iMhiiah nay bt tirappail In ilia Inalli* Vmm awtliara 
mlm ahoiNKi that tiia ilavli ahidfptinn ciartanta ami tha phata* 
aturranta war# ifi^anaant ef ana Miathair and aupfiaytad thaaa 
cri&aaivatima with laufrlk itu^iricai aatinataa at nanpiitiala af 
tha aharva af aach typa in a typiaai aipiaaiiMMit* 





by UV Itfhi* 

' h«v® «i«¥tX®p«d an' 

t«chniqti« to conflfm th« phoio-lnjtotion ftoa mit«l oloctjroilto 
and to dotoxmino tho aign of ttt* Injaotad caorriora and liavt 
appiiod it to polyothyioRo taraphthaiata in tlia wayaianftli 
ration 400 na to 3SO no* Tlia iteifiaoit eartiaira injaetad ara 
aiaetrona for aiia&initn and €<^air and alaetrona and hoiaa fiMr 
aiiaar at rouiul 37D and .340 m raapactiiNiiyi but for tlia otbara 
thay earn not ba datax»inad <lyia to tba anall photo inJatticNfi 
eurzanta. Ttiaaa photo in;|aotion proaaaaaa ara mainiy contmiiiad 
by tha fuaietiona of ffiotaia and inauiatorai but ean not ba 
axpiainad by tha woit function oniy and tha aiorfaca atatoa art 
tantatiyaiy propoaad* Phote-oAiaaion of alaetrona fron natallie 
alaetrodaa into poly N vinylcarbotola and tha thraaliold valiiaa 
of intamal photo^Mtiaaiiui chan^ accordifi« to tha worli fianation 
of tha natal haira boon invaatifatad. 

lacantly thara have boon a fm raporta on photo* 

p«l«tuUen 9t dopM pelyMr ttarlviMW* •» •1** 
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to 8tu^ the huiidi up of polwiaetiim with field» 
fUms mum poled t>y 3» 9, ie» 27 end 36 V in S min* end were 
depolarieed hy UV radiation* Fig 3*1 eehitoite deeay mode of 
depolarieetion ourrent for 5 gl*^ iodine doped PVAc fUrne vdiile 
the ineert ehowe current vereua time for puie FVAe photo** 
eleetrete* Hundred tisuie moiw depolerieetion eurrente ere 
releoeed fmm doped filme* Initially the current deeoye rapidly 
and then tlowly to reach the eteadf value* Steady elate in PVAc 

I i( 


» 







VOLTAGE (V) 

Fla 6.3-CHARGE RELEASEDVS- POLARIZING VOLTAGE. 



TIME (MINS) 

4-CHARaE HiLBASBO VS* TWB 





DEPOLARIZAT 







time (MINE) 






DEPOLARIZATION CURRENT 



At artod* 

At c«th3d* 


TIME (MINS) 

3N CURRENT DECAY MODE Of S 
flLMS ON VARIOUS METALS. 






was caiculatsd by inisgrating th® currant versus tin® curve* 

The charge versus polarising voltage has been plotted in fig 
5*3 for pure snd iodine dqped files. Roiessed charge increasea 
linearly with voltage isoto sfeout 36 V beyond which the increase 
in charge with voltage becoaes lets than that esspected according 
to linear relationahl#, ^proitoately thouaand times more charge 
in releaaed when PVAc is doped with iodine* The variation in 
charge with polariaing time has been shown in fig 5,4 for both 
the ssR^les* The charge versus tjtoe plot it linear upto about 
10 rains beyond which s strong ssturstiim offset is seen. 

Electrode effect on photodtopslarisstlofi eurcont was 
studied by growing the pure and doped films on Al. Pb. Cu» Sn 
snd Mo substritss. TheM metals were chosen in order to provi^ 
a range of wort fwictien. Phetoolettreta were termed in 5 mins 
by 9 V. Fig 5.5 shews the decay modes of phote^elMrisstien 
current for pure PVAc at both the electrodes whils fig 5.6 
illustrstss the effect of ^ electrode material en plietedipel«ri<«> - 
sation currant from dc 4 >ed films. Currmats at both tltm alectjms#ti 
for tm typaa of films dapend considarably en elactrede fesmiag 
material. The initial maaimum value and final steady valus of 
current is changsd drestiesUy with ths choiee ef electrode 
•ystsra. The currents released at the miodt are much lartpmr ^lan 
these releaaed at the eethode for PVAc. Due to d^ing tiw 
current is eidiineed by two orders of msgiiitiide ^d Umi asspmtttty 
at the two eltittodaa is dtadni^isd# The rat:te of t^ dswrents 
releaesd at ths two eloottodss chsim^s with the tliaiigs of 



unargt gti.«ag«d at tut 

cewtiett 


Ch«rg« lit C 1 10* 
me El«etr«t 


£J,«et^cki 

naterlaJi 


lodifi 


mitrn eharge it ireleatetl »t the %hm at tiia 
eatlio^ liy PVM aiaatrata* D^ln^ tanda ta aqaaliaa tiia ahat^^t 
aaltaaad at tha ataatva^a* 


S»3 DIaaaaaian 


t^ian tlia tibmtptim apaataa aad pliata**a^ifciatiaitf 
i«>aat»a #a» «ia wi|«ritf af palp^ra m a ditaat 

aamtpaiMlaiiaa Hatawiaft tl>a« tan l»a fawMl* A»_^^tha mm tlMi lif 
tmoim witu IM Mlaaiilat aalflit attn^ it 
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may o» aiswta that light cayaot alnglat-ilnglat tranaltlofii"'. 
Th« absoiption of a photon In • poiymor loads to tho fofssatlon 
of an oxciton which em mlgrato frooly within th# llaiitt o# a 
roglon of cohitigatod bonds* Cherkasov ot al^^ In an intoiv 
protition of th© absorptitm and diffuse reflection spectra of 
polystyrene have indicated the possibility of fonaatlon of free 
carriers by dissociation of excitons generated by optical exci- 
tation. Preiiainary irradiation of the polymers with UV light 
greatly increasea their photoconductivity and it may be argued 
that UV light can ionise conjugated moleeuieat liberating photo- 
electronot s^lch are retained In the atructure of the polymer 
and creating peaitively charged iocei centres which can eerve 
as electron traps. On long wtve irradiation* oxcit^a art 
produced which are destroyed on defects (imsiudflng defiKits 
created by UV radiation } with the formation of a trapped electron 
and a mobile hole. 

When a photo-conducting material it illminated with 
radiationt eiectrons «id holes are proved* If a d«e* voltage 
ia aiimiltasieeualy appliad aeresa the aampla* thaaa lielaa and 
alactrona nova to nagativo and positlva taxminala veapectively* 

At any given tesperalMare a nwriber of dafacta are uaually praaant 
in a natarial* So tliara wUl be a immlier of trap ievmla preawit 
in tha enargy gap <^a to tlia interactimia of thaaa Impittritlaa 
with tha lent of tho oaiiplo* theoa dofocta can captura a holp ot 
an alectfon# Ihma tha aarriara ganaratad by tha plMtona can ho 
trapped in OMrtaln lovtia in the matotlal* Thoat ttaw^ 
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and ©lactrona glv# poaitiv# and nagativt chairgtt on aithar 
aida of tha aan^la* 

The total ciarant producad whUt ralliwinating tha 
smpta can Da dut to two aff acts^i 


Ct^riant duo to tha motion of canriart ganaratad 
by photons and 

Ciirarant dua to dai’k polaariaatlon* 
fha foimar (a| la givan by 


whar a J, 


hliara n and p art nmbar of aiaetrona and hoiaa eraatad by 
photon irradiation* |i^| and art Mliiiity of oiactrona in 
conduction band and holaa in vaianea band* E it tha aiactric 
fiaid* 

So thia currant dapanda aainiy on tho mabbar of 
carriara ajactad' out of thair trap a dua to lolliwiination of 
tha aaBipla* Tha latar (b) inciudat tha currant pro^ad by i 


Tha isoti^ af ions wtiieh hava boan diapiacad during 
poiariaatt^on* 


Hit dtcay of atripping chargta proCbiaad by M 
tiaa# contact of tiM iMtailic aiactro^ and ^ 


diaiactric 


Hit daoay 9i tha aptayod Iona f tan tho tlotttada an 



th» suxfaet during polarisation o^ocially at 
high fioldt,snd 

Tho thtrraal eurront nhieh doponda on tha toiaporow 
turo of th® siB^iei, 


During tho ctopolariaatien too nain prooosiMia art 


Th# ionie ehargos and stripping oharfas prodocad 
duo to dark poiaritati«m ^af by raoiwPination «nd 
lattioo rtiaxatim proeastaa* This (jkicay is vary 
tloo* . 


A nunbar of aiactrona and tioiaa trappad 'Hoar tha 
eondiittion and valanea banda firat gat auffieiant 
tnargy to eona ^t to tha eondkictlon and vaiaiiea 
hands raapaetivaly to eontrihuta to tha flow of 
currants As ttea goas on tha currant dacaya :|pradu^ally' 
shieh M»ana that' tho mnhar of fraa ccrriara dacra* 
aaaa* At this tiiaa tha currant contribution C'Onta 
•ainiy frasi carriara which ata ttippad wail inaida 
tha anargy f ap and raguira auffieiant anargy to 
got thanaaivoa into th# conduction and ualonco bandc* 





phflft©«l.«6tr4c tht first »eeh«niMi It prsfsrtbls* ^ 

Bmmm ttntlUssd photMcmductisn it etrritil out by holoti 
tho trtntftr of •xeltatl4in trifi^y to tht polysMir tpptrtntly 
looiii to the ojoetion of m oleetron from t conplotoly fillod 
bafid into looal lovtlt «*itli :th» llborttioo of holot toklim port 
in photo«»€oii<luction or (illicit it tht tttit thlfig) to tiio oxcito* 
tion of hoioi into tht utitiitt band f rtn ^ trappifi@ iovtit* - 
Tht <d»ttxirtil chtAft in ^t infurlntie phototlottrie 
tonoitivity of a ptiyotr in Iht prattntt of a dcx»aiit it not ytt 
ooiipitttiy eitar and ia ptttibiy..itotiiittttd with iht naturt of 
tht trips ortatod by tht adtorbtd aoitcuitt of tht dopant* Tht 
intrtatt in tht phttt«^oniha«titn of Hit polyntr on tha addition 
of tratoa of iodint nay bt rttardtd at a pttuiipr ttnaitiaaUoa 
phtnttpnofi* In this cast tha influanct of tha itdiiit nay bt 
amirttd by th# tttond atthanitn* 


S*9 Co) Cnrxtnt ottay iMi 


mp 9 lmim%im ourrtnt dotty nodta of pwrt and 
itdifit doptd phototltottota (fig S*i and ttnalata «f ^»t 







Flg.5.7-SEMiL0G PLOT 

OF Fig. 5-1. 


to 

TIME(MINS) 

OF CURRENT VS. TIME OF CURVES 







Th. rapid daeay of currant ta aaaoelatad alth tha holaa »hUa 
In tha alow dacay ragloni currant la mainly contrlbutad by tha 

9iX9ettm§ ' " 9 Th# art ttaiipai w««kly clott t© th« bouniiary 

itv#!,© laid tti* •3.«ttiront a m^3r«ad In Wia tiuik* Tli# 

iNicay cmrv«i C of fig i and of it* Intort h#vo boon jroplottod 
on • oMiilogwrlthnle ae^alo in fig S*? {ollMtiri mxm alto raplottad . 
and wart foond to bo i^pmilmitQly pairalltl)« Tha aigiowtntlal ; . 
ctocay of eitrirant I (t) can ba datcrUiad by^ i 


whaira l^ la tha Initial curjrant wid'7^ Is ^a ralaxatlon tlsia 
which if rapaasantad by t . 


whara y© la tha fraguancy of aactpa f»©« tha tyapt E tha actl- 
vatlon anaargy foi* tha tiapat I Boltaawm aonatant and T tha 
abaoluta tasgiaratcaMi* Tlni alia>a tha plat of fig S*t yialda 
tha yalita of “p and 'taking y^ ■ 10^*# tarap dapth ia aalaalatad. 
Ihaaa aaluaa aara liatad- in tabla i*Sl« ' - 


Sloa daaay tagian 

Ralaiftion ^ Tjap 
ttea itl d^»th CdV) 


Fait daaay cagian 

Ralaiatian Trap 
tiaa tS| dapth 


Pnra fVAa fS 

PnHid mtm 307 


Mlmatim tiat and trap dopth for p«r« and d^td 
P¥Ac tn faat and ileM daeay ragions of eurrant. 

Mo ^praelat>l.a anargy dlffaraneaa art fotaid btti»aan 
•haiiow and dai^ traps in tha two typaa of fllaa. Himavar» it 
aiay ba said that doping of th# matrix with iodina has an affact 
of incraaaing tha trap dapth. Thia fact can not ba axplainad 
if it it aaaumad that mobiit chargas art produead at a primary , 
procast of light idoaorption but it aaaily undaratandabia in 
taraa of creation of fra# chargaa via axciton formation®^ 
whara doping radueaa tha raiaxat ion tima* 

5«3 (b) Biiiid->ii|> of Poiarization with Field 

Baiaaaad charge varaua pol arizing voitaga for PVAc - 
(fig it charactoriwid by a atraight line paaaJynf Itooo# 
the origin* Thia ahowa that there is a voitaga dapandwit oourea 
of alactfona* Thia siay be in' the bulk or at tho nogativa 
alactroda* Doping anObias the polymer to atora thouaand tlSMi ; ; 
more charge oliiidi aatiaratoa viith tha applied field (fig S*9K 
Thia moiporti tho trap fililng hypothoaia^* At hi|^ fioldo 
tho ineroaao in polarization la alowod down bocMiao of tho 
•aturatlon of tho innbor of trapa avaH^la for polariiati^* 
whon all tho trots art fUlodt any oiiooio holta ond olootsonc 
will roconblfio rapidly* lodlno forma CT oomploaao with pvac 
tzootoa now trapping altoa^ In tho aotrlt oahlhltlng enhanced 
polarlsiiililty* 
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C«) mtut Jim 


. Thi on poloariiotion i© uitdoftiafidofeilo 

mhm tht ^on«ioiioo of fjolai-lnitiofi m tim is tskon into 
acoouiit* Chi» 9 t roioasoo ss s function of oloctrot foning ttoo 
hot lioon shown in tig 5*4 for two typos of films* Tho t>uiid ij|» 
of poioriiati^ iP) with tiao for pur® and d^od pvac aro soon 
to ha¥o tho fora^ i 


Tho slowing down of tho rato of ineroaoo ^ poiaritation rostiits 
from tho fact that as tho poiarisation 'hwiids up* .tho offoetivo 
fiaid on aobiio chargos dooroasos* 


Eioetroda Effact 


Consiftor^io aioatrodo offset on photo«dopoiarisation 
currant in pura and iodina depad PVAe films (fig 5*5 and 5*d) 
has boon obsorvod* The asymatry hotwoon tho eusront and tho 
eharga roiaasad at tho aioctiodas indicatas ^ suilority of 
hoios®^. Incorporation of iodina in tho poiyiMr craatas a high 
donaity of tri«giiiig contras^ and so tha <i^od films atoio mora 
charge* Bm prosoneo of iopuritioe in Idia poiywsr roftaeos 
life tiiM of tho ascitons increasing tha prohahUity of irnmtlm 
of Mhilo chiergoi yia ancltowc# In fig 5.S the initial ■aalasai 
valiio of dcpolaritatiofi ctiftonts at tho anoda haoo boon plotted 
Ofaihat motal woiit fimatlen for pure and doped rfaa# the plota 



ar« atraight linat for boi^ th« ilwwing that th® 

amount of eharg® earrior®, ai^piitil by tho m®tal and injactad 
into th® saR^l® incroaaot liith docraasing m®tai wtk function 
Th® proiont r«auita of ®l»ctrod® off act on photo-dopoiariiation 
curjpoRt can b® qualitatiutiy un^rttood in ttwii of a dialoetric 
iota modoi^^ baa«d on th® tiaintiing of •loctrona from th® m®tai 
into trap* ioeatod within th® poly^r n®ar th® int®rf o«®« 


5*4 Ceneiutiont 


Photo**<hipoiarifation current ctudioa of puro mad 
iodin® dop®d PVAc film® onabl® on® to drim th® foliowing 
coiusiuaion® t 


D®«ay of dopolMTiiatlon ewrront eoouri in two parta* 
Tho ri«>id Ctecay i® du® to dotrapping of holoa whil® 
thi alow m«t i® du® to untriwi>liig of •loctrona* 
lodino fonia CT coaploroa with PVAc and oroatoa now 
trapping aitaa in idia matria oidiwiclJig tlM> d®pol®ri*» 
sation currant and th® r«l®oaod eharg®* 

Lintarity of rtloaaod chargo varaua fiild for WAa 

indicatoi chargo injoction moclianimi* 

Pol ar iaation in put® tnd ihipad filma aaturatoa with 
tittO*^ 

Elaotioda affact cm dh^olaciaatlon aiirrwit ii^icatoi 
that tha charga injoction from olaatioda into 
peliMHr incfoaata with <tocraailiig watal waoli fonot^ 
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DIELECTRIC PBOPERTIES 

Introduction 

Tho dielectric Ctoiiiwiour of polymeric fitoe ie of 
direct intereet to both the basic etudlee of eloctricel coiiduc*- 
tion through such films and their application in eipecitors for 
fflicroweleetronies* To Obtain high values of cmoacitMicet the 
dielectric constant should be high and the thickness be aeall* 
1^0 to the difficulty of i^taining structurally continuous Mid 
stable ultrathin tUm»» capacitor applications are tenoraiiy 
lisiitod to thick films* 

The evaluatiMi of dielectric properties of inmilator 
fil»s^^^'^ is CMrriod out by Masuriim siMiitifioeusly the 
capacitance and the dissipation factor over a wi^ ranfo of 
fro«|uwicies and tdapcraturts* As ali the otiMir oioctrical para* 
netors of dielectrics* the pesiaittivity dspends on the chanoahle 
oxtomai factors such as the fretpiency of eeltaft appitootion» 
tsaporaturo* prossurst humidity etc* In a iMMlMMr of caaos these 
dependences srs oi groat practical inportanco* 

RocMitiy dioioctrie proportios of aovtrai poly» 
■ors^^^^t polar and noapoiar haw boon inuostigatad* SesM 
ganarai loiationa batsttan dialoctric propartios haw baan 
diacuasad* distingiiiahiiig batsfoan wwnanta phafionsna that 
ccnaniy etpur in optical rtgicn snd talaxatigii phiwismsna 
which occur in poiyMc at the ica«i iwmgmmf togloiia* It hac 
bean shewn hois the rtai snd lisaginary parti of tht ccapit* 



d4®i«cti'S.c Cdiifttant ar« In not^^olar poJlywir** th« 

di@i#ct3fic constant dapanda pf4a»arlly on tha danaity* but 
littla is knoafit ragarding tlia nattira of th# dlalactric lost* 
Atbifitioii hat also htan paid to polar polymra* Altar soib# 
pralialiitry ramarka on th® nator® of dialactric dlji^ortiiwnti 
nm« phanoeianological notions of dialactric diapartiont hava 
boon conaidarad. Attanpta have baan aada to ralata thaory and 
practice* Tha topictu such at phata tranaitiona* anisotropy 
and in hottoganaity* hava baan daait with. 

Oialactric raiaattiona in polyainyiadana floorida 
wart atudiad by Saaaba at al®’®. Thay obtarvad thraa diatinct 
id>aoxption paaka C«o* «o and p) in tha fraqiaancy rang® fnm 
0*1 to 3D0 Ht in tha taaparatora rang® «46 ta ICX>^C* Tha 
id>aorption it ralatad to aolacular motion in tha cryataliiiia 
ragion* Hit «« abaerption can ba intaepratad at ^ to tha micra* 
Sroonian motion of tha maojqihotia main ehaina* Tha p abaorption 
ia attributad to local oacillatlona of tha froiwn main ehaina* 
Kakiitani and Aaahina^^ attidiad low tanparatidrt abaociitiont of 
polyvinyl chlorida tfid conclitdad that tha and proaataaa 
art tha raaulta of molatular motion in eiyataliina and ameiphoiia 
ragiena of tha polymar raapactivaly* Law tamparatnfo dialactric 
rclcrction in polyethylene «id raleted hydrotcrb<ei pelymere wee 
inveetigeted by Phillpe®^# He eaea e elmpie cpiaiitimi meetieiiieel 
medel of relaiietion proeees to eiplein ^ epperlaentel teamlie* 
Meording te Hilt proeeect • partiele In e dedble potMtIol mU 
tonneli ftem ene well to the other with ei^ielon er ^e^tlen 







nf • pllOA€il. 


It is dtduetd thst idi# particis is a pirotofi and 
tiw lots psak is ascribad tantativsiy ta hydsaxyi tatatiop in 
tha crystallina ragicms a# tHt paly^ar. Rasults of Kmmmtt 
at al^® on dielaetric pit^artiss of oopoiyniar of laatlifl- 
isiatnacryiata with n-butyl ®athaerylata load to tha foiiowing 
eofieiusions t (i) Tha loss paak tasparatiira attributad to sida 
chain iraiaxatifMi Cp) vaxios with tha ratio whan tha 

tmmmtt doas not hava wi ^Koathyi ^up but ranains aisiost 
unchangad for eamonoiiiars having an SMiathyi group* (2) In both 
catasi tha p«^aidk height dacraasas sdth incraasing ratio 
comonosiar* It is suggastad on tha basis of tha abova facts that 
tha Bioviag imit in. tha sida chain raiaxation consists of a 
singia sida chain with a ' sagpant of tha backbona chain and that 
tha changa in )M>biiity of tha sidi chain upon Cdpolynoritstion 
rasuits from tha diatortion of tha halieal atructura of th# 
backbona chain dua to random distribution of Mothyi groups* 
Though thora it a wida iitaratura svaiiabia on 

'"dMidL ' 'iwtliii 

dioioctric prqsertita of polymorst yot a faw raporto^ 
oxist on impurity dopod poiymora* iCokooi and lodo*^ hsva doped 
high and low donsity poiyathyiono* Ono of thorn hao tho loss 
naxiisun dopon^nt on tha amount of tho tapurity mad is rolotod 
to tho rolaxotion of a dipolt oriontation of tho Ispurilv* 
Anothor shows an odd bahavioibP nmsod rotrograasing phanapompi 
naar tha ssiltlJig point vi poiyothylwm and c«i not ba dataatsd 
in tha amatphotti polyatyroiit d^od with tha tana Iniwapitf • Hi 
Intartaaiai polarisation ia proposad ^mmim s A* 


CAPACITANCE 



FREQUENCy (B^) 

aPMima rammrvH^srnPmc 
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Smtlitm medrnmmUUtlmXY* m# r«tri» 9 r«ttliig pHtnmnon it 
«9^1dinod hf th« ehtfigt of th# lafot ihieltntts ttial affoett 
ttio dioioctjrlc rtiaxatiim tiwi ©f th# Muchii* iCiiitl«f#tha wad 

Srivoita##^ iiop«<i poiyttyrtnt «ith ehioranii and Slwrlvattavt 

2T8 

#t at with coppoxphthaieeyanifia and c^a#rv#d ifit#rfacial 
poiaritation in th# MatuYmtnt of di#i#«tf'ic lottta of th# 
poiywtr* 

Lot# hat b##fi ri^oxttd on diaioctric proptriiot of 
PVM and it a#Mit to carry ©ot further invoatigationa to 
uiK^ratand tti# dioiactric hohavioor of th# polyaov* lliia 
chapter r^orta on cipaeitiaie#. and di#i#etrie Iota factor of 
pur# and iodin# dop#d PVAe fitoa a# a function of taoporitior# 
and froduonoy in midi# fraipafiey rwig#* 


6*2 Homiita 


Di#i#ctric prop#rti#a of polynora ato Inyoatifatod 
by awaourinQ oliaiiitMioouaiy th# eapacitanc# and %fm ioaata at 
roguiariy yarying tanparatur# and fragoanoy* Capaaitamiaa aa 
a fiaiction of frocpioncy fw PVM fiin at taimaratiiraa ao# *l# 
t» and l)00»c aro rtiown In fig b#i» At all tha taigitratiaraa for 
iowoat fimgitoiioy of ■oaouroiwntt tho cipatitwito ia mwMmm 
and daaroaaaa with inataaaing froipancy wad acaiMoa a aattain 
nifktoiwi yaliit at tha highaat froguanty* Tha rata of faU •$ 
oppaaitanaa with fragaanty ia latgaai at tha lawa'it taaptra^^a* 
m th# taapatatiifa ia inartaitdt «i4i aata it daataaaad* 1^ 
atady tha wmUUm of tmatltwiia with ftagamity fat ia^ 
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d<3|>»cl PVACf the films doped at 10 gl*^ conctniratlCMn were 
•st>l©y«il,i Ths emps©it«ic« mans frsiiiiefiey at 2D# Itot ICX) iMid 
1J&}®C is shomi in fig i,2« There is n© change in eapscitsnee 
writh frecf^ncy* The films incorporatinf iodine in higher eoncen- 
trstions also exhibited siailtr r®sults» fig 6»3 i^ows the 
temperature (toptndenee of e^acitanee for pure and 10 » 20 and 
30 gl"*^ iodine li^ed PMm films in the temper attire rjuige 
20 •* 120®C at 1 kHs« The capacitance of all types of filios 
incresios with tho incrsaso in tonperatwre. The increase in 
cspaeitaiice with temperature is least for pure PVM film* Due 
to doping of tho nMtriXf c^scitme 9i the film is not changed 
at 2D®C» hut as ths tsmpersticre incrssses ths capasitme is 
increised* This. incresM in c^acitanee with tsmpereture ia 
enhanced when' the concentration of iodine it increooed* 

Fig d*4 eidilhits ^e v«riotien of ton S (loos 
tangont) with ^ tomporaturo at difforont froguoncloo for FVAc 
film whUo fig thot for 10 gl*^ lodHto dspod fUm* FVAc 
0 loot mmim ot 00®C it ^ttnrod «t • froguoncy of 10 kKt idiieh 
•hifto to iowor tcmporo^ffo oe tho frocponcy io docroootd* 

Oepod fUm oidiihita comporaUwely lorgor looooo ot all tho 
tomporoturos tnd froguoncioa* Iho iota monlmo fwr tho dspod 
fUs io ohamrwod at th®C at a froguoncy of 10 kHa whlali alaa 
ohif ta to lowat tamporatura with tha dtcraaoa In ftagmomaf# 
llmnhifoswt dkpUg cf 9¥4c with iodiiM iw^anmoa ihLaiaatvIit lota 
and alilfta loat maalMi ta a Icwar taiparatiitt* Fig M mmm 
the tff«Mt of iodtiie aomaanttatian am tsigMfatiiim watiatlaii af 




1&99 ««ng«n% it i hhi, Dut to ineriiti in iS^int concintr#* 
tionp th« iiittii 999 dicriitiiia Tim loot niniBi !• iliiftid t© 
• Xmt9t ttep#ritii»i laftiin HK^rt quMniity ©f iodln* ia ineoirpo- 
ratoi In PVAe« 


6«3 'Ditetitai<m 


ii th# biiie pmmmft of a dialactrlc ‘ 
mpmtitoimi Ita propartIta fra tha vlaw point of tha proeaaa 
of ita poiafitation ot propagation of aiaetfooiagnatic wavaa in 
it» or Bora ganoraiiy fro» tha point of viow of tha proeoaaoa 
Of It. 1th » Olftri. fl.ld. P.»ltU*lty 1. . 

Bioroacopie paranatar of a diaiaetric iNhith rafiacta tha 
propartiaa of a giaan iiA»atMica in a aiiffiaiantly largo voluna 
hut not tha propartiaa of tha a^mta atona and nolaculaa in 
tha auhatanoa* fhara ata thraa i»ail knoan typaa of polariiationi 
alaetronlat ionio iMiii dlpola polariiation* 

Elaatronio i^lioriiation ia tha diaplaaoMant of | 

alaotrona with raapaat to tha atoaiio nuolattOt to ha Mara I 

pracioa • tha ffiapiaaOMMit wiMr tha attion of an aittmol 
f laid of th# orhiti in whioh nogatiwoly ohotgod oiootrono aiovo 
atound a poaitiaoiy chiorfod nueloua* Thla typo of pol«tltatiaii 
ootiito In all ato«a or iont Mid tan ho ohaoraod In ali dMott* | 
rito iffhapoatiyo of whoMr othMr typot of polaritotidn tm | 
dtiplaMid in tho ^iottrio* ono apooifit f#atw» of olottiwhld I 
polMrifftlon it tho foot that i^ion an oatamai fiald ii oipMN | 

poaodt tiita typa of poiMritatlon ©tauta dating a awy iftoit I 



®«tef ©f 10' 


al>©v« with th# itit© ©f i>©l©riwitl«« in* 

It it iii^»t»«t to few m ©iinl thti th© pr©«©©t ©f ©©fowiatioii©! 
poiiriiatiofi it piracticaliy ^•ff©€t©d by th© t©«|i©»©^ii© ©f th© 
<li«i©etric ©nil it ©ot «ofifMi«t©<l with a© lrjr©w©»tibi© dittipttiefi 
of ©©©any* Hi© •i©«tai« ©iwafy r«<piif©<l t© p©i©»if© • iw1©«m1© 
it ©Mplotoiy t® th© ©©©afy towrt© ©ft©© w©it©i© it 

iWMOvod* F#a thit i©tMMi» <l©fi**»ttioii©i poitaiittio© ito©t not 

©ntaii ©iiy «ii©i©tt*i« i©tt©t» 

Poitr di©l©tt»i«t^^^ ©mibit • %m4mmf trnmm 
dip©i© ©a ©ai©ht©%tiNR©i poitfiittiit** Tht ©t©tii®© ©f thit biml 
©# p©itifii©ti©ii ©th b© iNitbwtd i© • tlupiifibd ••WMiaf •• hot 
btt'ii f iatt tii®d®tt©il by Dtby©# t© ^h© a®t©ti©ii ©f th© ©tltciii©© 
©f t p©i«r di©i©tt»i« hmim t «s»tt©»t dtp©!© •©■•»% i» th© 
dijtitti©© 4^ • fitid* if ©©i©iit©ti©ii©i p©it©it©ti©R i© cohtii*" 








iiitnoii of jpoiarliatlofi* 

Af ttr « iSioiteiric it •notiiaoi* ilio prooott 
••tabiiihiftg « ftipoio poitrittiioii roipiroa • rolati^tly 
tim «• CMaparod with that of ptactiaaliy alaoat Inortia&ooa 
phononona of ihifotitatiofiai poiairitatioii. Moio or iota tl»a la 
nao^«l in mf indlvidMal cat#* Aa dlitinat froa Moaaational 
poiaritatioiit ^oit poiariiati^ and aiao othar kinila of 
roiaxatioii poiarisatiofi diaalpata aitetria aiiatfy irtiiati traaa* 
fozat into haat in a diaiaatrie ita* tliia anaxfy taitaaa 
iiaiaotrie iaaaaa* 

In poiyaat a tha diaiaotric ioat bahaaioiir say ha 
attrihotad to tha dafamatian of poiyoar thaini^^^. Tha 
aioiaaiiiar fiaxihiiity tha thaiiia aia taapanailila tot thia 
aharaatariatia ptoparty of Idia palyMtta* Tha ©«ia» lapottant 
•achaniia for tha diaiaattia ioaaaa In tha poipwwra la tonal* 
dayad ^ ha tha 





6*3 C») Fri<fu»ncy DtptniStnc® ©f Capscitwnct 

Th# Cfp«eitane« h#f4C» th# di0l«etric 
of PVAc (l@eir«at«s with th# iiier#### in fr#c|ii#ney (fig #.IK 
For th# (Soptd fUnii thor# it no chang# in cifiatitafia# wiWi 
th# Chang# in fraqitoncy (fig M}* Thlt it to !»•«###• th# 
poiariaation t#tti#t itaoif during a v#ry ahort p#riod of tin# 
aa ecnparad with th# tto# of woitag# aign «h«ig#* Di#|#etric 
eonatant of noi^poiar poiymort roiiaiAa invariabi# willi ff#i|iioficy» 
in cat# of polar polynora Ilk# PVAtf th# di#l#atria c^atwit 
hogina to drop at a cortain critical fropuonty and at vary high 
frocpioncioa it af^roach## th# valu#a typical of nonpolar 
polymora* in onoiphoua polynora* ftmctiiral pol«riiation (i*#* 
rolatod to th# looa# atrtictitr# of natter) la alao poaoililo* 

For thia typ# of polaritatioti» th# capacitanco folia with th# 
inertaao In froquoncy^* 

d«3 (h) Taaporator# DiH»«nd#nc« of CapacitMO 

Th# ificr#### in eapacitanc# ah### th# roan t«p#ra» 
twr# (fig h*3) nay h# partly dii# to th# oapanaion of th# 

I attic# and partly <hi# to m ionic soalMMiiaa of polarisation* 
Th# oMoiocul## can not orient thonaolroa In polar ^d^oloctrioa 
in tha low tanporatiifo rogi^* tsi»n tha tanparatma riotit ^ 
ariantatian of difiaiaa ia fwiHitatad «id thia inotaataa 
dialactric canatwit# Additicn of iodiat fa*ii 6T •coplasoa^ wildi 
tiM pal fit## and aa Wia yiaiaawi in aniaaitiii'ia .wilMl taiiMWiaWwi 

ia tnhanaad* 


6*3 (c) Variation in Lota Tangont 


transition eorratponaing to «Hr#iax»» ’'‘i 

tion procoit lias boon obsorvoO itoovo tho gists tranoition 
toinptratiir® of PVAc (fig 6.4 aim 6.5). tut proeoss i 

in poipmrt is <^«#r¥«d at twptrttuws thorn tho glass tr«iti-* ■' 
tion of tho poiymor^®®. Though at tho glass transition toi^ora- 

' ■ ■ RW 

®Kf 

t«r* tho sogsitntal motion is o:^oeto6 hot at tho tsnporaturos 
abov# tho glass transition to^oraturo soaio thing largor than 

I 

sogsionti afi6 possibly tho ontiro moloculsr ohsin notion Is | 

oxpoctoil. Polynors art sonsichirod to ho tho nistoro of lAOi^h* I 
oys and erystaliifio rogions* mom tho glata trisiaition |; 

tomporattiro thoy aoom to looso tho intoxnoloeylar eohoaivo 
hondinga and tho assosiation and dittos iation procoaaos immivod '' 
aro govtmod hy ^xnodynasiieal otpilihriim* Ihoroforot «<*rftl>» 
xatiofi prosoaa in PVAc fiins nay ho attrihutod to tho notion 
of tho noro hm^Uo milosnlar shaina in which tho intosnolosulsr 
forsoa hotwoon tho tryatallino rogions sro wostonod ihw to 
thoffsally astivstod prosoaa* thia woakoniiig of forots ssniOi I 
tho notion of tho ontiro nolosolar chain ami hantOf tho I 

oocurronco of «»roiasotion* 

Inoosporati<m of iodino in mtm oof tout Iho wisoo- I 

■ ■ ' ^ 

•ity of tho oyston and smioos ths iMNiiiaotiwi to to ttw | 

rofioii of iflowst tsnporotiBroi# iho wSow it fiarthor swppisitid igp 1 
tho ohoorvati^ thot tho insroooo in iodtno oonoonlrolltn hno | 

m offoot of diipinsing ^ loos nnidUso to o lossKf tonpimtiiti I 

Cflf 6*i)« , . I 















t- 

fiiffl exfiJLIiitt iPtMUMiiietfl ifict««(Mi in !»•••• witti tti* 

0f fYcqumtr* ^ 

^•4 Cefi€l,iiti«iit 

Hw pr«iHtnt invfitigation wi b^hiwldiBr 

©f puurt and iadtna d«^»ad PVA« fUaia t# ««ii€iwil# t 








fflgaffiiATXQH QF DIFPEREWT gmo^is \ 

7 ml Hi# prtttni wftfk was un^itrtaksn t© tsKisirstimci 

tM eiseliafilaat takint pUm In sltctrifsl c©mlii«tion and 
pnlarisstinn of puTO and lodlna dop«d f»VA« flint* sines pols- 
irlsatlofi «ricl slaetrleal eondiietlon ats eayasd by tbs iwition In 
^acs of tbs sisctrleaiiy charosd paetleisa of a dlslsetrlc , 
tbsirs la a csrialn affinity bsl^tssn 'Uism two pbsnonisfia* It - 
will bs tiasfiti to find sons typical dlffsrsnesa l«twssn tl^ 
phsimwina* 

Ikirlng poiaxlsatloR tbs ebarpsa lliifcsd sltb tbs 
dif Inits aioiscitist of nattsr a»s bfoygbt Into notion Tbsas 
ehargss can not Isays tbs eenflnst of a flysn Mlsciiis wbsas at 
sisetrltai eondtiction la catissd by tbs nation (drift) of frso 
ehargsa (carrlora) wblcb cm msm in nattsr oysr canparatlyoly 
iar^ cHatancsa and In tbs llmltim taao» tbroi^b idis ontlro 
tblclcnsaa of a dlsisctrlt free ims slsettods to tbs otlMHr^* 

Folarltatlsn takoa piacs In ail tbs noisenioa of a 
disisetria - it la its bum property* At tbs sans tlaOf condiio* 
tlon of a dlslsetrlc la sftsn and practically fully datti*insd 
by tbs pfsssncs of a allt^t aeoont of lepiorltlaa*^^ (contael^* 
nanta) and la not attrlbvtsd to Ita baaic aabstanas* CondnillfNi 
of a dlolocttlc can a^rtciably bt woakoiisd »1^ pna^ftaatlon 
of Its a^olmio* Disrofmt wben m# or atyoml ^mioflrloo 
oblob do not IMmmt cbmloally art nlaod* tba pai»lttlfltir 
of mo foadtmt •intwi innr ^ tyoliiattd to o firm appionl* 


101 


mation ftm iti# arith^ttlc ma9 ®f alMing. This tul® nay 
pi*@y« unsuital^J.a far calettiating ttia rttittiviiy af a 

diaiaatric ainaa aiwii a aUght addittan of anathar iidsatanaa 
may aonatlnaa raduca by aavaral ardara Iha raaiativlty of th# 
dtaiactric# Wio affaat of %ht naglifibla anounta of la^yritiaa 
on ^a roaiitiviiy af aani^aiidiietara nay aanatlnaa fcMi niich 
nora pratiaufiaad* 

Ilittai ilia pityaitai pitiura 9 t polar iaatian of a 
illolaairla nay ba rapraaanlad aa a iMiplifSIily anall dliploca- 
mn% In ^ata of a vary iarfo nialMir of cliargad patiitlaa of 
aaitar tJii! tha phyaia al platara of alatiriaal aonibiatlon of a 
dialacirie aa a notion of a ralativaly anall nmimt of ahargad 
partiolaa for ralaiioaly l^forfa iiaianoaa* 

7!ia diaplaoanani of tliargad pariialaa Attinf pela» 
riaatiofi nay bo rogardod aa an alaatie idiift of cbargaa* t^baii 
tbo of foot of tbo voltago appliod to a dioloatrla la diatonti* 
niiOd» ^ dlaplaatd cbargaa nay tand to rotum to tbolr initial 
poaitiidiat wbiab nayor bappana in tba pbmnai^ of otoatriaal 
aonduation* 

ibila tba aondatiion aiirtoat aidata to long at a 
dirtti aoltagt ia ippiitd ia a dialoattia* tba diaplaciiwint 
aintani iummiUUm awmnt) appaara imlf i»ba» tba ditati 
ooiiaa* miibd or tafcon off or gonotaUy nbon tbo 
of tba ippllod ooita^ ia aboniNii* A aapaaitatiio omwont tan 
tiiat in a t^oiootria for a long tint onlf ondwr tbo otHon ^ 
•a oltofootliii ooltogo# in «ia pioaoiMHi of • oimioidol • 
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tht ' cdndhictiwn eoincid®® i« ph«t# 

with th« volt«g«, whii® th® ^iipi®eim«nt cwfwnt Ci® • lifi®®f‘ 

dieltctafic) also tliHitoi^i, ia • ipartar of § p®riod \ 

iihtaa ®f th® voit®^* 

TSC aar« vtry iit®fui t® un^rstand 

ill® p3r®€®it®i of polatitation and throw light on conduction 
aachaniciii* Eloctrical conihiction in fiolyaora la go®»rn®d by 
trapping l®y»lo^^. Much can b® Itamt -about tr^a with th® 
help of TSC i^octrB* Photoolac^ic polariiation of polyoora 
alto aanlfttata trai^iim oachMiiaia^^ muI ®e mMili fei^iadgo 
about trap® ia i^tain®d by atudying th® phetodopolari cation 
curconti. : 

Cimront yoitag® eharwstoriatiaa of pvaa fiteo 
oxhibitad th® lack of oloctrod® •ff®ct but ptonotHicotf ®l®ttro4® 
•ffocta war® ^a®yv®d on TSC ^•ctra and photodapolMriaation 
ctixronti* fh«®® roatilta iMioo that th® »«tai ®i®ctfod® ia an 
iaportant aourc® of chaff® iarriora whith mto atloaat partly 
r®apoAiibl® for conduction and peiarication #f PVAc# sauoral 
inuvatifatora^^*^ hat® Mi 9 f®at®d that th® photomMtian 
in polymkr® invoiv® «®tri«r in|®ction fm •iactcod®®* Tb® 
•utfM* at* on* «f th* fatter* teiteh affaat th* 

lajMttMi phanoMM. Th* aiirf*** proiMtty •# patywNr* tWM* $0 
tcaploff that it ia not ttnrtoi^abio to conaidwr Hit onioliiiHi 
of Mtffact itatoa* suppoat on ina»iat®r hac a toiotiuolf laipfo 
onorgy fcp dv witli ita Fottii locoi iwiata^ abopi Hi® did 
i«»d iwftawi atatOf then aftot §m%m% nlHi • 






fhiSf hotitwrt can i>® caaplataly cbangail it ttiara ar* tyrfac® 
atataa at intatfact tiatiwaan tht aatal and th# Inawlataf* If 
them atata* ara donar Ilka anii laeatad >ttwaan eandiietion band 
and ftiwi iaval than altar cantaet thaaa.atataa tand ta band 
tha band adga towarda tha fami Iairal.» t« iBidca tha alacti^n 
inj lotion frctt tha matai alactratki iiuclt aaaiajr» and undar auch 
a canditlan tha alaetren injactian ^laiild ba anhanead* 

On tha athar handy if tha aurfaea •tataa ara 
aecaptar iika and lacatad batwaan valanaa band and f aisi iaval 
than thaaa atataa wiii act as ati^inf atana far tha aiactrana 
ta ba injactad ttm ^a vaianca band af tha inaalatar ta tha 
natal and : imdar auch a canditi^ tha hala injattian thayid ba 
anhMtcad* Alttiayfli thaaa ara tha axtrana caaaay yat it aanaa 
paaaibia that tha inlactian' currant ia affaatad by tha anttaa#:^ 
iaaaia ilka thaaa*' 

Tha naehanian raaaanalbia far tha fainati^ af 
aarfaea •tataa haa nat btan undarataad yat* iat it ia nat 
afiraaaaniAiia that tha aatfaca canditiafi af PVAc aaniiiaa bafara 
aantacting af natal alactrac^ an than# tha intaraattan af 
this aarfata canditian with tha natal and alia tha abaaiatliai 
af air tan cantral tha anatfy Ityal* tha natara and tha danatty 
af mattmm atataa famad at tha Intatfaca* Mtiaatliai anatfy 
af P*VAa waa aalaalatad by tanaaratiara vatiatlan af aanduatl^ty 



initial ris# method of TSC and dielectric lost mestyremtni# 

Trap depth was also calculated from photodepolairliation 
curarofit investigation* All the values are quite different from 
one another and help .to prcpose the surface states* 

Frequency and t«?^®rature d^endenc# of dielectric 
loss of PVAe exhibited a loss maxlaa ebovt the glass transition 
t«sp«ratuf# of the polymer* TSC ^ectro of PVAc exhibited two 
current maxiisat one at 4a»c and the other round about iOO®C.« 

TSC peak arialng at 4S®C was abaorbed completely when PVAc 
film was poled at higher tesiperitures or by larger electric 
fields* these results suggest that there art two process# a of 
polarisationf namely p and «« The p»*r#laxatioii proceaa* accon* 
panied with small activation energy* is due to the rotationsi 
liotion of the long flexible side groups* This relexatioii 
process could not be ihitected by dielectric loss method in 
audio frequoney range* Ihe »»relaxation having large activation 
enorgy* can be aeaociated with a change of the dipolar oriww* 
tation due to the aegaental rotations or translations of tho 
main chain* rolaxatlon proeessos in tho bulk PVAe havo boon 

4Mfa 

obaorvtd by Ywafuji also* Besidot thoao preoeaaoa of poio«» 
risatioiii ipaco charga polarisation duo to if^oction of chatgo 
earriora from eloctrodos is also repponaiblo for <d»io«vod 
polarisation in PVAc filats* 

Incorporation of iodii^ in PVAc oidiibitod mserkod 
chiaigoa in eonihictivityt dioloetric loaot TSC 
photodepolarisatioii eurronta* of PVAc it MdiMicod 


art t 


Eiactfan m§!f fo t»aek to th« polyiaar moiaetila frm 


vrliieti it originaiaa* 


Tho olaetrofi may ba ratainad by iodina anil may 
ttova at a tialtit nafttiva iaa« 


th« tiactron may taraiiafair from tha na^ativa iadifia 


ian ta anatbar paiyntr maiacttia withavt matian ef 


ladiiia maiatiiia* 


h char^ anehanga may aaaup batavaaii tha nafitiva 


iadifia ian and a naatrai iadinat 


Httvaaap* it it nat paotibla ta find aut tha asatt 


mathaniia laapanaibia far faiaatiM af CT ca«pia»ta In ^¥A« 
iadina ayatam with tha pra^nt invaatigatiana* 
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# 

Of main poiyroor chain roipoctivoly «» roj^ontibl® f©» p©i»- 
riiatiofi of PVA.C flliss# rpmo eh&rgo fosraatlon dy® to €orrlor$ 
inj®ct®d from tltctrodoa also plays ® part h«re# incorporation 
of iodln® «nhanc«8 TSC ptaks and ®n®bl#s th® poly»»r to stor® 

®or« charg®* 

Photodtopolaritatlon ciartnts war® iMasiirad by ^ 
varying th® polarltlng fltldp tin® of polariratlon aaid oloctrod® if 
faat«rlal. Th® carritrs rai^onslJbl® for photc^olariiation nr® 
generated via eiclton fomatlon* This view la eiipported by i 

pronoMficed ®l«ctro«N> effect ^served In photodepolariiatlon of ji 
WAo fllae. l^e to diH^lfig of the polywer with iodine# new \ 

trapping site a are created and fio the doped fllpc etore wore 
polarixatlon* | 

Dielectric behavloor of pure and Iodine doped PVAc 
filws was investigated by studying the d(^>endenee of ci^acl* 
tance on frequency and teiaperttufe «id weasuring «i# loss 
tangent, idpol# polarisation involving ionic motion la proiiii- 
nont in PVAc. Addition of iedino roduces the visooaity of tho 
polymor shifting o^relasation po^ to lower tenpereture# Doping 
ai so causes c^adiiction losses* 

It may be inferred from what has been isentioned 
above that besides dipole polaritatiortf apace ohotgo peiariw 
sation due to cavri^ injection ifsm oioctrodes ia loaponaiblt 
for i^aorvod polarisation of FVAt filma* Polarisation' offooto 
influonao tho omidiiati^ moohoniam in pvao* Incorporation ^ 
iodino in tlm motris improvoa tlia oioettot forminf oborootiM^i* 
•tica of PVAc filma* 
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